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The following pages are an instalment of the Second Edition 
of the Author’s Manual of Practical Chemistry** — ^the Fii-st 
Part of the New Edition being now issued separately under 
the title of Foods: their Composition and Analysis** and the 
Second Part under that of “ Poisons : their Effects and Detecpion,** 
The reasons for the alteration of the title are sufficiently ob- 
vious: the present appellation is distinctive, rendering impos- 
sible any confusion between this llklanual and others (of a widely 
different scope and manner of treatment) which might come 
equally under the designation, Practical Cfijemisiry** 

The present Volume, however, is not a more reprint of the 
Division, “ Foods f in the First Edition. It has been thoroughly 
revised and re-written, Avhere necessary, and enlarged by the 
addition of now matter to more than double the number of 
pages allotted to the subject in the original work. 

/ Tlie Historical Introduction prefixed is the result of consider- 
able labour and research, and, it is hoped, will be found — 
together with the review of English Legislation, Past and 
Present, relative to Adultei'ution — not without interest. As 
in the First Edition, abstracts of a few legal cases arc given 
at the end of the chief Articles. These have been carefully 
selected, as illustrative either of ingenious defence, or of certain 
points in the Adulteration Act^. It has often been remarked 
that private individuals rarely avail themselves of the ‘^Sale 
of Food and Drugs ” Act. This, probably, is due to insufficient 
acquaintance with the technical details of the mode of proce- 
dure, and^e Author has, therefore, been careful to explain the 
Purchase ” sections fully in their relations both to the official 
Inspector and to the private purchaser. In the 4-ppendix will, 
be found the Text;» entire, of the EngHsh laws at present in 
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operation, os well as the best and most recent of the American 
Acts relating to the Adulteration of Food. 

In the Scientific Portion of the work, the professional Chemist 
will find details of most of the processes of any value in Food 
Analysis hitherto published, and in all cases (either by the aid 
of Footnotes, or in the Bibliography appended to each Article) 
the original source of the information is indicated. In addition, 
are given a large number of Processes, either invented or im- 
proved by the Author, and not previously published — such, e,g.y 
as those described in the Articles on Milk, Butter, Tea, Flour, 
Water, kc. 

Numerous Tables, some of which are indispensable and others 
convenient, have also been added ; and new Illustrations, from 
original drawings, introduced. 

The Article on Milk — a special feature of the First Edition — 
is still further enlarged, and contains the Author’s most recent 
researches on the subject. It may, perhaps, be considered a. 
fairly complete Monograph. In the Article on Water (added by 
request) the application of an improved process for combustion 
in a vacuum is detailed, and the importance of Biological 
methods of examination is insisted upon — not as supplementary 
to Chemical tests, but as of equal (if not of superior) value to 
these. 

Though the scope of tlie Manual is mainly that of a Labora- 
tory Handbook, yet the dietetic and medical aspects of the more 
important Foods are, where necessary, fully considered, and th(-‘ 
Author believes that a greak proportion of the work is thus of 
that general interest which will render it useful to tliosc who, 
without much chemical knowledge, yet desire to have, in a form 
admitting of easy reference, Uie latest information relative to 
Foods and Beverages. 

In conclusion, he can only express a hope that the work, in 
its new shape, will be found widely useful, and more Avorthy 
of the very kind reception accorded to the First Editipu. 

Co VST Uorse, St. Mabylbbone, 

Aprit, 1882. 
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HISTORY OF ADULTERATION. 
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FOODS: TH^^'feliPOSITION AND 


ANALYSIS. 


PART 1.--HISTORY OF ADULTERATION. 


L_EARLY NOTICES OF ADULTERATION, 
ESPECIALLY IN ENGLAND. 

§ 1. Before adulteration commences, commerce must develop. 
In primitive states of society, there may be knavish tricks, 
ignorant bartering, substitutions of bad for good, falseness and 
meanness of all kinds, but no systematic sophistication is possible. 
Again, in the semi-pastoral state (as it existed in some parts of 
Scotland a century ago), in which the food of a family is raised 
from the soil on whicli they dwell, and clothing produced from their 
own sheep and spun into textile garments at their own fireside, 
commercial frauds are unknown or undeveloped. 

Tliere are several notices of ancient sophistications practised 
by the Greek and Roman traders; but it is from the Middle Ages 
that the most copious and interesting materials for a history of 
adulteration are obtained — a page of history but little explored, 
yet abounding with curious facts more or less illustrative of the 
manners of the times. 

The mixing, t or, rather, alloying of gold or silver with the 
baser metals, may be justly considered of the nature of adultei’a- 
tion, and has prevailed contemporaneously with the art of coinage. 
The well-worn tale of the detection of the base metal in the crown 
of Hiero by Archimedes, some two and a half centuries before 
Christ, may be accepted as probably the earliest scientific detec- 
tion of adulteration. The process used by the philosopher of 
Syracuse when discharging the duties of a jyuhlic analyst^ and now 
called specific gravity, is quantitative as well as qualitative, and, 
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though purely physical, is used daily hy all engaged in practical 
chemistry. ^ - v- ; - ■ 

Vitruvius* in his work on archit€^ture describes the adultera- 
tion of minium with lime. He also^^givcs a. simple process for its 
detection : heat to redness on a sheet of iron ; if pure, it will 
blacken, but on cooling return to its forriaer hue. 

Dioscorides alludes to tli© adulteration of opium with gum and 
with the milky juice of glauci urn and laetuca. The test for dis- 
tinguishing the pure fioin the false primitive : tlve ojxium was 
to be burnt ; if pure, the. flame dear anfd brilliant, but the 
adulterated burned with difiicTjltyi The quality of the opium 
was also to be judged by its behaviour when exposed to the rays 
of the sun ; when opium of good quality liquefies, it looks as if 
it had just come from the plahi.f He also specifies the adultera- 
tions of several <lrugs ; as, for example, the mixing of styrax resin 
with styrax sawdust. 

Pliny, among other matters, alludes to the frauds practised l>y 
bakers ; for they added to the bread a white earth, Sf>tt to the 
touch and sweet to the taste, which wns obtained from a liill 
called situated between Pouzzoles and Naples. It 

has been suggested that the white earth was carbonate of mag- 
nesia; this is doubtful. J 

He also speaks of the adulteration of aerugo (under which 
name was confounded both the acetate and sulpliatti! of cojiper) 
with shoemaker's black atramfuUu sutoriuiny and gives a true 
chemical method for its discovery. Paper is to be soakeil in tlio 
juice of galls ; if the aerugo is pure, it will not turn the paper 
black. Another method w^as to put the substance on a sheet of 
red hot iron ; if sulphate of iron liad been added, it became 
covered with s])ots.§ 

The adulteration of wine in Athens necessitated the appoint- 
ment of a special inspector, wliose duty it w^as to detect and stop 
these practices. Greek history has handed down the name of one 
Cant?iare, who excelled in ingenious mixtures, and knew l»ow 
to impart the flavours of age and maturity to lujw wines. His 
ingenuity was such, that it was commemorated in the proverb: 
“ Artificial as Cantbare.” ♦ 

In Rome, also, wine was much tampered with; even the rich, 
according to Pliny, could not obtain tlie natural wines of Falerno, 
for they were adulterated in the cellars; and certain wines from 
Gaul had an artificial colour given to them by means of aloes and 
other drugs.jl 

* Vitruvius, i. ix. c. 13. t Dioscorides, iv. 65 ; Pliny, xx. 76. 

X ^liny, xviii. 29. g Pliny, xxxiv. il Op, ciL 
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§ 0,- 3 EARLY IN ENOLAND. 

1 .3. In our own cou^tw^/^nd in Euro]^ generally, from the 
eleventh century onwardi^,%A^;bakers, the brewers, the “ pepperers,” 
and the vintners, were mos^r^uently accused of coiTupt i)ractices. 
We niust not, however, jnic^e too harshly ^f the tradespeople of 
that epoch, for mgnijity was generally;: Jow, and adulteration an 
innocent pastime wbeii ^compared with the frequency and magni- 
tude of midday highroad robbery an(| midnight violence. 

In* the latter part of the twelfth century, that which would 
now* be ctiJled crime hecatp^ the favourite aanusement of the 
principal citizenSy^-^Vwhb* *^ould sally forth by night, in bands 
of..a hundred or more, for an attack upon the houses of their 
neighbours. Tliey killed witjloult mercy every man who came in 
their way, and vied with, each other in bi*uta!ity. . . . False 

weights, false measured, false pretences of all kinds were the 
instruments of commerce most ‘generally in use. No buyer 
would trust the word of a seller, and there was hardly any class 
in whicli a man might not with reason suspect that liis neigh- 
bour intended to rob or even to murder him.*** 


ASSIZES OF BREAD-BAKERS. 

§ 3. The sale of bread was regulated in England as early as the 
fourth year of the I'eigu of John, by what was called the “Assize of 
Bread,” the original object of wliicli 'svas to regulate tlie price of 
br<iad l»y limiting the profit of the bakei* on each quarter of wheat, 
so that tlie price of the loaf should bear a ccntaiu propoi'tion t^) 
the price of the quarter of wheat. The assize of John’s reign 
continued in force until 1286, when it was repealed by “ The 
Statute of Assize 

There were various modihcatioiis of these assizes, and they 
were finally abolished in 1815. The “Assize of Bread” in its 
influence was probably the exact revei’se of what was intended. 
On the one hand, the development of trade w^as restricted inju- 
diciously ; an5, on the other, the bakers often siifiered unjustly, 
and, therefore, had a direct inducement to recover their losses by 
nefarious practices. Although, at the institution of the assize, 
adulteration with foreign substances was not the main object of 
the regulations, yet, as time went on, and the sins of the bakers, 
both male and female, f accumulated, clauses with regard to the 

* “ A History of Crime.” By Lnke Owen Pyke. 
t The bakers, as well as the brewers, were of both sexes. 
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adulteration of bread were inserted, and the later ones may bo 
considered collectively as the ancient English ‘‘Sale of Food Act.” 
The assize of 1582* contained the following : — “ If there be any 
that by false meanes usoth to sell inoale : for the first time he shall 
be grievously punished, the second tyme he shall lose his meale : the 
III tyme he shall foreswore the towne and so likewyse the bakers 
that ofFende. Also, bouchers that sell mesell porke or mozen 
fiesche : for the first time they shall be gi’evously amerced, for 
the second tyme so offendinge they shall have the judgement of 
the pillory, for tlie third tyme they shall be comytted to pryson 
until ransomed, and the fourth tyme they shall forswere the 
towne, and thus ought other transgressors to be punished as 
cooks, forestallers, regrators of the markets when the cookes, 
serve, roste, bake or any otherwyse dresse, fysche or fiesche 
unwholesome for man’s body.” 

The assize of 1G34 had some stringent regulations with regard 
to musty meal : — “ If there be any manner of person or persons, 
which shall, by any false wayes or meanes, sell any meale unto 
the kinge’s subjects, either by mixing it deceitfully or [sell any] 
musty and corrupted meal, which may be to the hurte and infec- 
tion of man’s body, or use any false weight, or any deceitful wayes 
or meanes, and so deceive the subject, for the first often ce he 
shall be grievously punished, the second he shall lose his meale, 
for the third offence he shall sulfer the judgement of the pillory, 
and the fourth time he shall forswere the towne wherein he 
dwelleth,” 

These extracts give some idea of tl>e punishments inflicted on 
dishonest bakers during the Middle Ages in England. First 
offences were often visited by corporal chastisement and exposure 
in the pillory (generally with a rope and a loaf round the neck); 
fourth, and even third, convictions were considered so heinous 
that it was thought better to cast the man forth from tho city 
to earn his livelihood elsewhere. 

In the curious paper entitle^l “A Quip for an Upstart Courtier,”t 
there is a powerful and quaint expostulation with the different 
tmders: — “And for you goodman baker, you that love to be seen 
iti the open market-jilace upon the pillory, the world cries out 
on your wiliness: you crave but one deero yeare to make your 
daughter a gentlewoman. You buy your corue at the best hand, 

* The title runs : — “Here iKJginnetli the boke named the assyse of bread, 
what it ought to weye, after the pryce of a quarter of wheat, also the assize 
of ale, with all manner of wood and cole, lath, bolside, and tynsber, and the 
weight of butter and cheese. Tmprynted, by Thomas Wyatt, 1582.” 

t The “Quip for an Upstart Courtier” was written in 1592. The original 
is in black letter. 
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and yet will not be content to make your bread weight by many 
ouiiges. You put in yeaste and salt to make it heavier and yet 
all your policie cannot make it. The poore crie out, the riche 
find fault, and the lord maior and the sheri^s, like honourable 
and worshipful maiestrates, every daie walk abroad and weigh 
your bread, and yet all will not serve to make you honest men. 
But were extremities used and the statutes put in the higliest 
degree in practice, you would have as few eares on your lieade as 
the col Iyer.”* 

The manner of adulteration seems to have varied.t Sometimes 
the bread was made altogether of “ putrid and rotten materials,” 
sometimes it was good outside and bad within, and as for the 
addition of alum or miiioral matters, such was only detected 
when in considerable quantity and coarsely done. The more 
artful mixtures required for their detection tlie application of a 
cliemical science not then possessed. The following may serve 
as examples of a few of the earlier instances : — 

One “Alan de Lyndseye, baker, was sentenced to the pillory 
because he liad been convicted of baking pain deniaya that was 
found to bo of bad dough within and good dough without, and 
because such falsity redounds much to the deception of the 
people who buy such bread.” 

The same baker seems a few days afterwards to have been again 
in trouble, for “Alan de Lyndseye, baker, and Thos. de Patimere, 
baker, were taken and brouglit before the Mayor and Aldermen, 
and sentenced to the pillory for soiling bread made of false, 
putrid, and rotten materials, througli whicli who bought bread 
were deceived, and might be killed.”^ 

A similar fmud is recorded at perhaps an earlier date (a.d. 
1311), for “ the bread taken from William de Somersete, baker, 
on the Thursday next before the Feast of St. Lawrence (Aug. 
10) in the i5th year of the I'eign of King Edward was examined 

and ad judged upon Because it w'as found that such 

bread was putrid and altogether rotten, and made of putrid 
wheat, so that persons eating that bread would be poisoned and 
choked, the Sheriff Avas ordered to take him and have him here 
on Friday next after tlie Feast of St. Lawrence, then to receive 
judgment for the same.”§ 

* The sanitary state of the bakehouses in the fifteenth and sixteenth 
centuries was, as a rule, bad. According to Mr. Pyke, they api)ear to have 
been the favourite receptacle for dead bodies after a murder had been com- 
mitted. “A History of Crime,” by Luke Owen Pyke, M.A, Vol. L, p. 266. 

t In the reign of Edward I. it was enacted at one of the “ Hallmotes,” 
that no bread should be coated with bran, or so as to be found worse when 
broken than it was on the outside. 

t “Memorials of London,” by H. T, Riley, pp. 120, 121. § Op. cU. 
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Mr; Pyke, in his “ History of Crime/^ speak^f of loaves Being 
adulterated in the Middle Ages by lumps of iron, prpbably refer- 
ring to the following case. “On Wednesday next arap the 
Feast of St. Matthew the Apostle (11th of Sept., A*p. 1387), in 
the 11th year, Richard Porter, servant of John Gibbe, baker, of 
Stratforde, was brought here before Nicholas Extone, Mayor of 
the said city, John Hafile, and other Aldei*men, and questioned 
for that when the same Mayor on that day went into chepe to 
make assay there of bread, according to the custom of tlio city, 
he, the said Robert, knowing that the bread of his master in a 
certain cai-t there was not of full weight, took a penny loaf, and 
in it falsely and fraudulently inserted a piece of iron weighing 
about 6s. 8d. (4 oz.), with intent to make the said loaf weigh 
more. .... He was sentenced to the pillory with the loaf 
and iron round his neck, and the cause of tlio punishment was 
proclaimed by the Sheriffs. ”t But the placing of a mass of metal 
in a loaf under the circumstances recorded is somewhat different 
from adulteration, for the man slipped in the iron to avoid a 
conviction for false weights. 


BREWERS AND VINTNERS. 

§ 4. Beer . — The fiTiudulent practices of the early brewers are 
thus detailed in the Black-letter Tract before mentioned ; “ And 
you maister brewer, that growe to be worth forty thousand pounds 
by Selling of soden water, what subtil ty have you in making 
your beere to spare the malt, and put in the more of the hoppe, 
to make your drinke, be barley never so cheape, not a whit the 
stronger and yet never sell a whi^' the more measure for money. 
You can when you have taken all the harte of the malt away, 
then clape on store of water, t’is cheape enough! and mashc out a 
turning of small bearer like renaiab wine : in your conscience 
how many barrels draw you out of a quarter of malt ? Fie ! 
fie ! I conceal your falsehood, least I should be too broad in 
setting down your faults.” Not only the brewer but the retailer 
of the beer, was also condemned. 

“ Last to you Tom Tapster, that take your small Cannes of 
beere, if you see your guests begin to be drunke, halfe smal and 
balfe stronge ; you cannot be content to pinch with your small 
pottes and your ostrio faggots, but have your dnigges and draw 

* Vol. I., p. 237. t Riley’s “Memorials of London,” p. 493. 
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men bn ,tb villaaay and to bring customers to your house where 
you sell a jb^t of meat for xii. pence that cost you scarce six, 
and if any>chance to go on the skore, you skore him when he is 
asleep and set up a pot a day more than ho hath, to find you 
drinking pots with your companions. To be short, thou art a 
knave ! ’* 

As early as the reign of Edward the Confessor, we find it 
recorded in Domesday Book that in tlio city of Chester a 
knavish brewer, “ malam cerevisiam faeiens, in cathedra j^onebaUir 
^^fercom” — in other wmrds, the oflender was taken round the 
town in the cart in which the refuse of the place had been 
collected, and to this degradation was often added corporal 
chastisement. 

In many towns in the sixteenth century, we find ‘‘ale-tasters,” 
whose duty it Avas to inspect the beer. 

In 1529, for example, the Mayor of Guildford ordered that the 
brewers make a gooti useful ale, and that they sell none until it be 
tasted by the “ale-taster.’* These officials had to take the folio w'- 
ing oath: — “You are chosen ale-tasters of this town. You shall 
well and truly serve his Majesty and this town in the same 
office. You shall at all times try, taste and assize the beer and 
ale to be put to sale in this liberty, wdiether the same be w^hole- 
some for man’s body, and present those that ofiend, or refuse to 
suffer you to assay it. You shall give your attendance at all 
courts, and present from time to time the offenders, and all 
things else belonging to your office you shall do and execute. 
8o help you God.” The ale was not only tasted, but some of it 
was spilt on a wooden seat, and on the wet place the taster sat, 
attired in leathern breeches, then common enough. If sugar had 
been added to the beer, the taster became so adherent, that 
rising was difficult; but if sugar had not been added, it was then 
considered that the dried extract had no adhesive property, A 
less coarse, but not dissimilar, method was also applied by the 
earlier Inspectors to test the purity of milk. 

§ 5. Wine , — The frauds of the vititnei’s or wfinesellers attracted 
some share of public attention in the sixteenth and seventeenth 
centuries, as shown by municipal records, fugitive tracts and 
broadsides. In August, 1553, a certain Paul Barnardo brought 
into the port of London some wine, and there is extant an order 
^ iu council directing the Lord Mayor to find five or six vintners 
to rack and draw oft' the said pipes of wine into another vessel, 
and to certify what drugs or ingredients they found in the said 
wine or cask to sophisticate the same.* At a later date the records 


* Rtmemhrancla^ vii. 02. 
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of the Common Council contain a certificate from the Lord Mayor 
to the lords of the council stating, that the wines of a certain 
Peter Van Payne” had been drawn otf in his presence, and that 
in eight of the pipes had been found bundles of weeds, in four 
others some quantities of sulphur, in anotlier a piece of match, 
and in all of them a kind of gravel mixture sticking to the casks; 
that they were conceived to be unwholesome and of a nature 
similar to others formerly condemned and destroyed.* In “The 
Search after Claret,” by Richard Ames, a thin quarto, the 
last leaf is occupied by the following advertisement : “If any 
vintner, wine-cooper, <fec., between Whitechapel and Westminster 
Abbey, have some tuns or hogsheads of ohl rich unadulterated 
claret, and will sell it as the law directs for sixpence a quart, 
this is to give notice, that he shall have more customers than 
half his profession, and his house be as full from morning to night 
as a conventicle or Westminsttu- Hall the first day of term.”t 
Later, the vintners became more scientific in their operations. 
Addison (in the Taller^ No. 131, 1710) alluded to a certain fra- 
ternity of chemical operators who wrought underground in holes, 
caverns, and dark retirements to conceal their mysteries from the 
eyes and observations of mankind. “ Thes(3 subtle philosophers 
are daily employed in the transmutation of licpiors, and by the 
|>ower of magical drugs and incantations raise under the streets 
of London the choicest products of tlie hills and valleys of 
France ; they squeeze Bordeaux out of the sloe, and draw Cham- 
pagne from an apple.” 


SPICES— DliUGS. 

§ 6. The London pepperers, o * spicers, formed a separate 
guild, and were under special ordinances. The ordinance, 
A.D. 1316, in Norman-French, has the following regulations ; — 
“ No one of the trade or other j)erson in his name, for him 
shall mix any manner of wares, that is to say, shall put old 
tilings with new, or new things wdth old, by reason whereof the 
good thing may be impaired by the old, nor yet things of one 
jirice, or of one sort, with other things of another sort ; also, that 
no man shall dub any manner of wares, that is to say, by putting 
in a thing that was in another bale, and then dressing the bale up 

* Rememhrancia, viii., 12th July, 1635. 

t “ The Search after Claret, or a Visitation of the Vintners.” A Poem in 
I' wo Cantos. 2nd Ed., London, 1697. 4to. 



§ 6.] EARLY ADULTERATION IN ENGLAND. 11 

again in another manner than the former in which it was first 
hought, so as to make the ends of the bale contain better things 
tlian the remainder within the bale, by reason whereof the buyer 
may be deceived, and so lose his goods. Also, that no man shall 
moisten any manner of merchandise, such as saffron, alum, ginger, 
cloves, and such manner of things as may admit of being 
moistened ; that is to say, by steeping the ginger, or turning the 
saffron out of the sack and then anointing it, or bathing it in 
water ; by reason whereof any manner of weight may, or any 
deterioration arise to the merchandise.” 

In England the trades of the druggist and the grocer were com- 
bined. Drugs and groceries were sold in the same shop, and they 
were under the same regulations until 1G17, when tlie apothe- 
caries separated themselves from the grocers. Very soon after 
they had become a distinct body, they began to complain of the 
frauds and artifices of the grocers, from whom they continued to 
be supplied with many drugs; and, therefore, established a dis- 
pensary for the purpose of compoimding tlie more important 
j)rcparations themselves. In 1540 the physicians were empowered 
to search, view, and see the apothecary-wares and stuffs, and to 
destroy such as they found unfit for use. In 1553 very exten- 
sive powers wore conferred on the College of Pliysicians for this 
jmrpose. The four censors, or any three of them, shall have 
authority to examine, survey or govei’u, correct and punish all 
and singular physicians and practisei*s in the faculty of physic, 
apothecaries, druggists, distillers, and sellers of waters and oils, 
and preparers of chemical medicines, according to the nature of 
liis or their offences.” The great power of the censoi’s was on 
more than one occasion abused. In 1724, for example, they 
burnt the drugs of one Goodwin,^' tlie drugs not having been 
examined, and the liistory of the whole affair showing that the 
act was merely a gi-atitication of private spite. Goodwin peti- 
tioned Parliament, and ultimately, it is said, obtained £600 com- 
pensation. 

The College of Physicians compiled the first Pharmacopoeia, 
and published it in i613. Subsequent editions bear the date 
of 1621, 1632, 1650, &c. As may be expected, the early editions 
contain lists of very absurd and superstitious remedies, and have 
no pretensions to a scientific character.t 

* lliley’s “ Memorials of London.” p. 120. 

t See “ Historical Sketch of the History of Pharmacy.” By Jacob BelL 
liOiid., 1861. 
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IT.— ADULTERATION IN FRANCE. 

§ 7. In Pi*ance, from very early times, the genei*al supervision 
of provisions, as to purity and cpiality, and the inspection of 
weights and measures, were under the jyolice des cormnissaires^^* 
and various special statutes were enacted from time to time. 
Thus, an ancient statute (1292) of the Paris brewers forbade the 
adulteratiop of beer ; whoever put into beer baye, pimento or 
‘ poix resine* was to be fined 20 francs, and his hrasslns were to 
be confiscated, for such things are neither good nor Joyal to j'uit 
in beer, for tlioy are bad for the head and for the body, for tlie 
healthy and the sick.** A later statute, dated Marcli IG, 1630, 
among various sanitary provisions, forbade the use of buckwheat, 

yvtoye or otluu* bad matters under a j>enalty of 40 Parisian 
pounds.** Judges were also to examine th^ materials before use, 
in order to see that there was nothing in them impure, heated, 
mouldy or spoiled. If such were found, the materials were to bo 
cast into the river, t 

§ 8. Flour and Bread . — There were various si)ecial regulations 
as to flour and bread ; by an Ordonnance of the Provost of Paris, 
October 11, 1382, the miller was to grind the corn without 
mixing it, to increase his fee, with bran, pease, beans, or anything 
else save that which had been given him to grind.J Later, by a 
decree, dated July 13, 1420, the bakers were forbidden to be 
millers, it being thought that if they ground the wheat as well as 
made it into bread, tJiere would be facilities for fraudulent deal- 
ing. The punishment of bakers for false bread — whether the 
falseness were admixture of fonngu substances, the use of 
damaged flour, or simply light weight — was very similar to that of 
English bakers, except that it partook more of the character of 
a religious penance. Thus, in 1525, a baker convicted of “ false 

■* “ La police des commissaires. . . il est de leurs soins de fair e pvnir It' 

d^hit des vivres corrumptis, alt^rez, /alstfiez, les faux pokls et ies faux mejotres,” 
Traite de la Police de la Mare. Tom. i. liv, i. titre xi., chap. vi. 

+ “Xa des commissaires visitoient les marc/iez,et il esfoit de leni's 

f 'ns (Ty procurer VuJbondance des viwres et des autres provisions n^cessaires a 
subsistance des citoyens, ils empeckoient tjuHl ne. 8*y commist auenne frnude, 
soil en la quality, ou au prix^ soil au poids on en la mesiire, Us estoient princi^ 
palement charges dese Uonner tons les soins a V^gard des grains^ du pain^ de la 
viande, et du vmP Loc. cit. 

X ^^Que nul meusnier ne soit si osS ne si hardy sur quanque Use pent 
mefaire envers le roy^ en corps, et en biens, de mesler, mettre ou fair meitre eii 
aucune manure es farinea des blez qu'ils moudrant aucune mixtion ou 'tneslce',' 
pour rendre plus grande mouture, comrm de bran, d'orge, de pois, defeves, ou 
autres choses gitelconques, rpii ne aoit du hU qui leur sera bailUf Traite de la 
Police, t. ij. liv. V, titre ix. 
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bread*^ was condemned by the court to be taken from the Chate- 
let prison to the cross before the ‘‘ Eglise des Carmcs,” and 
thence to tlie gate of Notre Dame and to other public places in 
Paris, in his shirt, having the head and feet bare, with small 
loaves hung from his neck, and holding a large wax candle 
lighted, and in each of the places enumerated he was to make 
amende honorable,'' and ask mercy and pardon of God, the king, 
and of justice for his fault.* False weights were also often 
punished by cor})oral punishment. In 1491 the cascj of three 
linkers is recorded, who, having been convicted of selling loaves 
“ too small,** were stripped and beaten with rods through the 
streets of Paris, and were admonished for the future to sell the 
three kinds of bread ordered by the law, of the w'eight and tpiality 
they ought to be.f In still latcM* times, we hnd the practice of 
the courts remarkably se.vere. In 1699, a baker named Pasquier, 
w^as convicted of converting into bread bad and iiiiwliolesome 
dour. Sacks filled wdth good flour and otliors filled w ith bad, 
liad been found on his premises, and it w^as afiirmod tliat he had 
mixed the two together. He was finf?d 500 livres, lus oven de- 
molished, and his shop closed for six months with a j^lacard upon 
it stating the crime and the punishment. J 

§ 9. Wine , — A curious decree of the Provost of Paris, in 1371, 
comjielled the tavern-keej)ei\s to permit any one who purchased 
wine, whether to be drunk on the premises or taken away, him- 
self to see the wine drawn from the cask. The penalty was, for 
neglect or disobedience to this law’^, four Parisian pounds, one- 
iburth of which went to any informer. 

An Ordommnee of January 30, 1330, forbade the mixing of 
two wines together ; no winC'Seller was to give a false name to a 
wine, or to give a wrong description of its ago ; tlie penalty was 
confiscation of tlie wine and a tine. Similar edicts w^eve promul- 
gated in 1415, 1635, and 1672. Still the evil did not diminish, 
and in 1708 two liuiidred inspectors of wine and drinks were 
appointed in Paris. 

The ‘‘Baillie*’ of Bergheim, in 1718, had condeuined to a 
month’s imprisonment one Andr4, who had falsified liis wine with 
some poisonous plant (probably belladonna), and his wdfe, wJto 
had sold the wine, to a month’s imprisonment, and a fine of 130 
livres. This wine caused the death of one person, and the illness 
of several who had partaken of it. The sentence having been 
annulled on the appeal of the condemned to the Superior Council 
of Alsace, Andvij and his wife were ultimately ordered to be led 

* Op. ci^., tome ii. livre v. titre xiL 
t Op. eit,, tome ii. livre v. titre xii, 
t Traiti de la Police, t. i. livre iv. titre iv., p. 570. 
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by two sergeants for one day through the streets of Berglieim, 
carrying placards both before and behind, with ^^frelateurs de 
vin** printed thereon. They had also to pay 30 livres hne, 
^^pour faire pri^r Dim pour Is repos de Vdme du defunt^^ and 
the fine of 130 livres, pronounced by tlie first judge. The 
council promulgated a very severe decree directed against such 
pi-actices. 

It was also forbidden to adulterate wine with litharge, Indian 
wood, isinglass, raisin de boisy* or other drugs, or mixtures 
capable of injuring the health of those who di*ank the wine, under 
a penalty of 500 livres and corporal punishment. Even the pos- 
session of matters likely to be used for adulteration was an 
offence. So late as 1710, one Denys Porcher and his wife were 
convicted of conveying barrels of ^^vin de raisin de bois^' into 
Paris. They were fined 30 livres, the four barrels of wine were 
spilt on the pavement, and the sentence placarded in Paris and 
various places around. 

§ 10. Butter, — An Ordonnance* of the Provost of Paris, dated 
November 25, 1396, forbade the colouring of butter with “soucy 
flowers,” other flowers, herbs, or drugs. Old butter, likewise, 
was not to be mixed with new, but the sale was to be separate, 
under penalty of confiscation and fine. 

The ancient laws of the merchant butter-sellers and fruiterers, 
confirmed in 1412, reiterated the above, and also forbade the sale 
of butter in the same shop in which fish was sold. The retail or 
sale of butter by spacers, chandlers, apothecaries, and generally by 
all carrying on offensive trades, was made illegal. A subsequent 
enactment in 1619 confirmed this law. 

§ 11 Drugs, — The drug-sellers were also under regulation, and 
without doubt their practices, with regard to sophistication, were 
quite on a par with those of other trades. Gargantua in Paris is 
made to visit the shops of druggists, herbalists, and apothe- 
caries, where he “ diligently considered the fruits, roots, leaves, 
gums, seeds, the grease and ointment of some foreign ]>arts, as 
also how they did adulterate them — t.e., all the said drugs. 

In the Middle Ages the French apothecaries were at first 
confounded and amalgamated, as in England, with the merchant 
spicers; but in 1777 the two trades were separated, and they 
formed a definite body. In the fifteenth century the shops were 
little more than open booths, as may be seen from a miniature 
in “Ztf Rhjvms des Princesy^ a manuscript of the fifteenth century, 
preserved in the Arsenal Library, Pans. 

Philip VI., as early as 1336, issued a regulation by which no 

♦ Trait6 de la Police^ tome i. livre iv. titre ix. 

, t “Rabelais,” exxiv., p 63. 
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one could bo an apothecary unless he was a bom or naturalised 
Frenchman, and a good Catholic. According to the law, neither 
the spicers nor the apothecaries were permitted to employ in the 
preparation of their medicines, drugs, confections, conserves, oils, 
or syrups, any sophisticated or exhausted or corrupted drugs, under 
penalty of a fine of fifty livres, and the seizure and burning of 
the merchandise thus adulterated in front of the dwelling in 
which it had been found. 

Charles VIII. released the apothecaries from some of the strict 
regulations of earlier times, and both he and his successors were 
the authors of many edicts relative to the aj)ot]iecaries and 
spicers ; besides which these trades were regulated by local 
enactments in different towns. 

§ 12. Conseih de Saluhrite, — In 1802 the ^^Conseil de Sahibrite* 
was established in Paris. It originally consisted of only four 
membei-Sj and took cognisance of adulteration, epizootics, un- 
liealthy trades, and a little later of the administration of prisons 
and public charities. Afterwards the Conaeil had the direction, 
generally speaking, of public hygiene. 

The Conseil de ScdvbriH of the Seine in its later development 
was composed of fifteen titular and six supplementary members, 
including also several honorary members, with others, wdio, by 
virtue of their ofiice, were members of the committee. These 
were, the Dean, the Professors of Hygiene, of Legal Medicine, and 
of the Faculty of Medicine, a Member of the Conseil de Sante 
des ArineeSy* the Director of the School of Pharmacy, the General 
Secretary of the Pi’<ifecture of Police, the Inspector-General of 
the bridges and causeways, besides engineers, architects, and the 
chiefs of the police departments. Most of tlie provinces followed 
the example of the capital, and established “ Comeils de Salu- 
briteJ* All tliese boards, wliether provincial or Parisian, had one 
essential feature in common — viz., that the medical, veterinary, 
and chemical professions were always represented on them. 
Whatever expert a town possessed, w ould probably have a voice, 
and find a seat, in the Conseil de SalubrUe^ From these health 
boards, or committees, very excellent reports have emanated, and 
they continue at the present time to do useful w^ork. 


Ill,— ADULTERATION IN GERMANY. 

§ 13. If we turn to the records of Germany, we find that all 
those who adulterated foods or drinks in the Middle Ages were 
punished severely, with painful and dishonouring penalties, such 
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as public exposure of the fraud and whipping at the gate. The 
earliest regulations* related more to the goodness of tlie work and 
the general quality of the goods produced, than to adulteration. 
Every considerable trade was a little corporation, and bad workman- 
ship or falsity in tlie goods offered was an offence against the guild 
itself; the member was consequently expelled or punished by the 
officers of the guild. For example, in 1272 the two sworn masters 
of the bakers* guild at Berlin were held responsible for seeing 
that good bread w^as baked. The tailors of Berlin and the bakers 
of Basil excluded a man for ever from their respective guilds, if 
guilty of bad workmanship (1333). The Berlin weavers, not 
quite so severe, excommunicated the offender against their regu- 
lations for one year (1295). The false butcher at Augsburg 
(1276) was expelled from the city for a month. In Nuremberg 
almost everytliing was regularly inspected ; there was a Bdcker- 
schau^ a ‘‘ Safranschaii,'* and a ‘‘ Scliau ’* with regard to brandy, 
drugs, syrup, hops, roses, tobacco, iron, meat, salt-fish, honey, 
leather, and many other things. It was at a Saframchau ** in 
1444, that one Jobst Fcndeker was burnt, together with his false 
saffron, and in the following year two men and a woman were 
buried alive there for the same oflence.t 

In all the cities of Germany there were copious regulations 
with regard to three tilings — bread, wine, and drugs. 

§ 14. Bread . — In Nuremberg, in the fifteenth century, the 
l)aker was not allowed to mix the different kinds of corn, whicli 
must bo baked separately. In Augsburg, it would appear that there 
were no le.ss than six differf3nt kinds of bread. J The punishments 
for offending bakers were various. In some places the delinquent 
was put in a basket at the end of a long pole and ducked in a 
muddy pool, similar treatment to that which in England befell 
“the Scolds.’* 

§ 15. Wine . — According to an old Augsburg chronicle, it was 
in 1453 that the adulterated wine of the Franks first appeared in 
that city; but there is abundant evidence to show that wine had 
been tampered with previously, and in 1390, one Ludwig von 
langenhaiis was sentenced to be led out of the city with his hands 

• A small work, “Der Kampf gegen die TjebeusmittelfaJschung von 
Ausgang des Mittelalters zum Elide des 18. Jahrhunderts, von L. Wasser- 
maun, Mains, 3879,” contains some very interesting particulars with regard 
to the regulations in {tractice in the Middle Ages both as to General 
Hygiene and the Adulteration of Food. 

t Henry II. of France enacted that if saffron was adulterated, the offenders 
should be punished by corporal chastisement^ the drugs confiscated and 
burnt I 

t Maurer, “ Goschichte der Stadtverfassung in Deutschland.” Bd. III., 
a. 24. 



§ 15.] EARLY ADULTERATION IN GERMANY. 17 

bound and a rope round his neck^ because of his practices in the 
adulteration of wine. In 1400, two wine-sellers were branded 
and otherwise severely punished, and about the same period a 
special law was enacted forbidding the sulphuring of casks, the 
colou^g of wine, or the addition of sugar, honey, or other sweet 
. things. In the year 1435, says the old chronicle, “ were the 
taverner Christian Corper and his wife put on a cask in which he 
had sold false wine, and then exposed in the pillory. The punish- 
ment was adjudged because they had roasted pears, and put them 
into new sour wine, in order to sweeten the wine. Some pears 
were hung round their necks like unto a Paternoster.*’ It further 
appears that they narrowly escaped being burnt. 

In 1451, the city of Cologne made a strong representation to 
the governing body at Antwerp on the prevalent adulterations of 
wine. At Biebrich on the Khine, in 1482, a falsifier of wine was 
condemned to drink six quarts of his own wine. He died from 
the ctfecta.* In the fifteenth century at Ulm, every tavern-keeper 
had to appear at stated times before the sherifl’ {Stadtrechner^) 
and swear that neither he, his wife, his children, nor any one else 
in his name, had mixed with the wine, woad or extract of w'oad, 
chalk, mustard seed, clay, Scharlachkraut*^ must of apples, lead, 
mercury or vitriol; no water might be added, and the same wine 
was to be retailed as bought. The Stadtrechner had also to see 
that no sour, ropy, or otherwise bad wine was sold. In the same 
'' town an Ordomiance of 1499 decreed, that since adulteration was 
most readily practised by putting substances into the cask, no 
cask was henceforth to be closed up save by the sworn cooper, 
who, on finding anything amiss, was to give information; penalty 
for default, a guilder. 

In the fourteenth century, Nuremberg was a great centre of 
tbe wine trade ; consequently in that city there were very many 
regulations against adulteration of wine, but they were similar to 
‘those already mentioned. At Frankfort on the Maine, on false 
wine being found, the cask was placed on the knacker’s cart, and 
a red flag displayed, with the inscription stummer that is, 

mute or dumb wine. The jailer marched before, the rabble after, 
and when they came to the river they broke the cask and tumbled 
the stufl* into the stream. J About the same date, wine is said to 


* In some places in very early times, the regular legal penalty was capital 
punishment; for example, in 4269, the law of Ripen punished the seller of 
lalse honey and wax with death. 

t Perhaps ** Stadtrechner ” might be translated “ Mayor.” 

$ The artic]|g for sale was sometimes merely forbidden to be sold : this was 
especially the case with importations from other countries. For example, at 
Cologne, in 1483, c^ks of butter imported flrom England, which were found 

^^lAfic sOGJEiy ^ 

CAt.CUTTA. 
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have been sophisticated with the following substances : earth, 
albumen, argol, mustard, salt, burnt salt, sweet milk, brandy, 
almond milk, wheat flour, clay, and sevei'al other things. 

In the early part of the seventeenth century, a circumstance 
happened in Wurtemberg, which led to some stringent regula- 
tions with regard to metallic contamination of wine. A number 
of people having been seized with colic, paralysis, and other 
symptoms of poisoning by lead, it was noticed that all those 
attacked drank one particular species of wine only; and on 
investigation the epidemic was discovered to bo due to the 
contamination of the wine by the use of metallic fastenings to 
the casks. The occun'ence is related by Gockelius,’§ **' who styles 
the disease “ WmikraiikheiC' 

§ 16. Drugs, — Those who sold drugs, roots,, spices, and the like, 
were strictly supervised, and in the reign of Frederick the Second 
of Prussia the examination of drugs was made a special calling, 
the inspectors being appointed by the king. 

In Augsbmg, Frankfort, and a few other places, the trade in 
medicine was taxed. By virtue of this tax the druggists and 
doctors enjoyed a monopoly, and medicines were forbidden to be 
sold by other trades. 

In the seventeenth century there were committees of doctors, 
whose duty it was to inspect the druggists,, and from the com- 
mittees — as in London, so on the Continent — originated the 
pharmacopoeias. Thus Phamnacopceia A^itwerpiemis^ 1661 ; P, 
Utrajectina^ 1664 ; P,. AmstelodameifiHiSy 1668; Antid^ta/rium lion- 
oniensej 1674 ; Regia Cimnica et Galenica, Gefieva, 1684, &c.t 


IV.— HISTORY OF ENGLISH LEGISLATION IN 
REFERENCE TO THE ADULTERATION OF FOOD. 

§ 17. The first General Act in this country was the Act of 1860, 
previous to which date individual articles, such as tea, coflee, 
chicory, beer, and wine, were legislated for by special statutes, the 

to contain a mixture of old and new, were not allowed to enter the market. 
In like manner false oil was excluded from the city. 

* “ Beschreibunjf der Wcinkrankheit,” 1637. 

t The dukes of Saxony reflated the trade of druggist as early as 1607. 
J. GuiUaiune published Reglements entre les m^deeins et les apotkicaires pour 
la visile des Srogues. Dijon, 1605, Thomas Bartolin edited^the work of 
LicetU BenADci'—Deciaralio fraudum quae apud pltaimac^feos commiU 
Utniur, Franc. 1667 and 1671, 3 VO. 
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object of which was, for the most part, to prevent the defrauding 
of the revenue j the health of the purchaser, and the injury done 
to him,. being somewhat less considered, althong]i not lost sight of. 

§ 18. Bakers — Bread , — An Act in the reign of George IV. was 
directed particularly against the use of alum. Bakers, either 
journeymen or masters, using alum, and convicted on their own 
confession or on the oath of one or two witnesses, were to forfeit 
a sum not exceeding j£20, and not less than £5 ; if beyond the 
environs of London, a sum not exceeding £10, nor less than £3, 
If within London or its environs, the justices were allowed to 
publish the names of the offenders. The adulteration of meal or 
flour was punishable by a like penalty, and loaves made of any 
other grain than wheat were to be distinguished by a large 
M. The possession on his premises by a miller, baker, &c., of 
any ingredient adjudged to have been placed there for the pur- 
poses of adulteration, was punishable by fine. 

An Act passed in 1836 (6 and 7 Will. IV., c. 37) relative to 
bread, may be considered as a modern development of the old 
‘‘Assize of Bread.” It repealed the several Acts relating to 
bread sold out of the city of London and the liberties thereof, 
and beyond the weekly bills of mortality and ten miles from the 
Koyal Exchange, and provided other regulations for the making 
and sale of bread, and for preventing the adulteration of meal, 
flour, and bread beyond the limits aforesaid. This Act made it 
lawful for the bakers to make bread of “ wheaten flour, barley, 
rye, oats, buckwheat, Indian corn, pease, beans, rice, or potatoes, 
or any of them, and with any common salt, pure water, eggs, 
milk, barm, leaven, potato or other yeast, and mixed in such pro- 
portions as they think fit, and with no other ingredient or matter 
whatever.” They were also permitted to make the bread any 
weight or size they chose. The bread, however (sect. 4), was to 
be sold by weight, and in no other manner. 

Section 3 provided that no baker or other j)ei'Son within the 
limits prescribed . . . “ shall use any mixture or ingredient 

whatever in the making of such bread other than, and except as 
hereinbefore mentioned, on any account or under any colour or 
pretence whatsoever;” penalty not less than £5 and not more 
than £10^ In default of payment the offender could be im- 
prisoned for a period of not more than six months, with or 
without hard labour,* or unless the penalty was sooner paid, 
the magistrates could also publish the offenders name, and 
defray the expense of such publishing out of the fines. 

* In the case of Cobe v, James, 4J. L. J. M. C. 19, it was held that for a 
conviction under this section guilty knowledge was necessary. ' 
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By section 9 no peiwn is to put into any corn, meal, or 
flour, at the time of grinding, dressing, or manufacturing any 
ingr<^ient or mixture whatsoever, not being the real and genuine 
produce of the com or giuin ; nor is flour of one sort or com to 
be sold as flour of another sort. Penalty not less than £5 and 
not more than £20. 

Sections 11 and 12 provide that bread made partially or 
wholly of pease, beans, or potatoes, or of any other sort of com 
or grain other than wheat, is to be marked with a large Boman 
M, under a penalty not exceeding 10s. Justices may issue a 
searcli warrant to enter a baker’s premises at reasonable hours, 
and search for adulterated bread or substances used for adul- 
teration. If such substances have been found, the justices may 
dispose of them as they think fit. The penalty for a first offence 
is a fine not exceeding i>10 and not less than £2 ; for the 
second offence £5, and for every subsequent offence £10. In 
default of payment, imprisonment for not more than six calendar 
months. It is also lawful for the magistrates to publish the 
name of the offender. The Act contains various other provi- 
sions with regard to obstructing search, offences committed by 
a journeyman or servant, the baking of bread on the Lord’s 
Day, <kc. 

K § 19. JSeer and Porter . — ^An Act, passed in 1816, 56 Geo. TIL, 
c. 58, enacted that no brewer of, or dealer in, or retailer of 
beer,” shall receive or have in his possession, or use or mix with 
any worts or beer any molasses, honey, liquorice, vitriol, quassia, 
cocculus indiae, grains of paradise, guinea, pepper or opium, or 
any article or preparation whatever for eras a substitute for malt 
or hops. If any person contravene this provision, the officer of the 
excise may seize the worts and beer, together with tlie casks con- 
taining the same.” — Penalty £200. By the same Act, druggists 
who sold colouring materials or malt substitutes to brewers, were 
liable to a penalty of £500. An Act, 7 and 8 Geo. IV., c. 52, pro- 
vided that any brewer, having in possession or in use, substitutes 
for malt or hops, or for darkening the colour of beer, was liable 
to a penalty of £200, and the ingredients, beer, worts, <kc., might 
be seized. Later on by the 10 and 11 Vic., c. 5, brewers were 
allowed to make for their own use a colouring matter out of sugar.* 
§ 20. Wines . — An old statute (51 Hen. HI., st. 6) forbade the 
use of unwholesome wine or meat. By the statute 12 Charles JI., 
c. 25, any adulteration of wine was made punishable, with the 
forfeiture of £100 if done by the wholesale merchant, and £40 if 
done by the vintner or retail trader. Additional regulations 

* At the present time, it is not illegal to mix bitter beer with whole- 
some bitters other than hops. 
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were made by I. William and Mary. All of these Acts, it is 
scarcely necessary to say, are now obsolete and repealed. 

§ 21. Tea , — An Act was passed in 1725, 11 Geo. I., c. 30, which 
enacted that no dealer in tea, or manufacturer or seller there- 
of, or pretending to be, shall counterfeit tea, or adulterate tea, or 
cause or procure the same to be counterfeited or adulterated, or 
sliall either fabricate or manufacture tea with terra japonica, or 
with any drug or drugs whatsoever, nor shall mix, or cause or 
procure to be mixed with tea any leaves other than leaves of tea, 
or other ingredients whatsoever, on pain of forfeiting and losing 
the tea so counterfeited, adulterated, altered, fabricated, manu- 
factured, or mixed, or any other thing or things whatsoever 
added thereto, or mixed or used therewith, and also the sum of 
£ 100 .** 

Six years afterwards, 1730-31, a further Act was passed [4 Geo. 
IT., c. 14] prescribing a penalty for what is termed in the statute 
“sophisticating tea,” It recites “that several ill-disposed persons 
do frequently dry, fabricate, or manufacture very great quantities 
of sloe leaves, liquorice leaves, and the leaves of tea that have 
been before used, or the leaves of other trees, shrubs, or plants in 
imitation of tea, and . do likewise mix, colour, stain, or dye such 
leaves, and likewise mix tea with terra japonica, sugar, molasses, 
clay, logwood, and with other ingredients, and do sell and vend 
the same as true and real tea, to the prejudice of the health of 
His Majesty's subjects, the diminution of the revenue, and to the 
ruin of the fair trader.” The penalty under this statute was £10 
for every pound of tea sophisticated. 

The next Act was passed in 1776, 17 Geo. TIL, c. 29. The 
preamble asserts that great quantities of sloe leaves and the 
leaves of the asli, elder, and other trees, shrubs, and plants, were 
manufactured in imitation of tea, and were then sold to dealers 
in tea, who, after mixing the leaves with tea, sold it as true and 
real tea ; but as the persons who fabricated or manufactured the 
leaves were not dealers in tea, they were not punishable by the 
law then in force. The Act, therefore, rendered any person, 
whether a dealer or not, who fabrieated leaves in imitation of tea, 
or who mixed tea with other ingredients, or who sold, exposed 
for sale, or had in his custody fabricated or mixed teas, liable on 
conviction to a penalty of £5 for each pound of such tea, or in 
default to imprisonment for not less than six months, nor more 
than twelve. The officers of the excise were empowered to enter 
under warrant any premises by day or night and seize the 
leaves, which, on a further warrant, were to be destroyed. 

§ 22. Coffee , — The history of the regulations with regard to 
coflee and chicory is rather curious, inasmuch as coffee appears 
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to have been adulterated almost immediately after its introduce 
tion, and legislative interference was soon necessary. 

The firet Act, 5 Geo. I., o. 11, 1718, with regard to coflee, 
recited that “ Whereas divers evil-disposed persons have at the 
time of, or soon after, the roasting of cofiee made use of water, 
grease, butter, or such like materials, whereby the same is rendered 
unwholesome, and greatly increased in weight to the prejudice of 
His Majesty^s revenue, the health of his subjects, arMl the loss o-f 
all lionest and fair dealers in that commodity,” and went on to 
enact that “ any person or persons whatsoever, who shall at the 
roasting of any coflee, or before, or at any time afterwards, make 
use of water, grease, butter, or any other material whatsoever, 
which shall increase the weight, or damnify or prejudice the said 
cofiee in its goodness, he, she, or they shall forfeit the sum of 
£20 for every such offence.” This penalty was increased to £100 
by a subsequent Act (12 Geo. I., c. 30) passed in the year 1724. 

An Act passed in 1803 (43 Geo. III., c, 129), ordered that 
*^If any burnt, scorclied, or roasted peas, beans, or other grains, or 
vegetable substance or substances be used, prepared, or manu- 
factured for the purpose of being an imitation of, or in any respect 
to resemble coffee or cocoa, or to serve as a substitute for coffee 
or cocoa, oi* alleged or pretended by the possessor or vendor 
thereof so to be, shall be made or kept for sale, or shall be found 
in the custody or jmssession of any dealer or dealers of coffee or 
cocoa ; or any burnt, scorched, or roasted peas, beans, <kc., not 
being coffee or cocoa, shall be called by its preparer or inanu- 
flicturer, possessor, or vendor thereof, by the name of coffee, or 
by the name of American cocoa, or English or British cocoa, 
or any other name of cocoa, the same respectively shall be for- 
feited, and together with packages containing the same, shall or 
may be seized by the excise.” The person convicted was to be 
fined £100. 

A subsequent Act (3 Geo. IV., c. 53) permitted persons, nob 
dealei's in coffee, to sell roasted corn, peas, beans, or parsnips 
whole, but not ground, crushed, or powdered. 

In 1832, grocers were allowed by the Excise to keep cliioory on 
their premises, and in 1 840 a Treasury minute, dated August 4, 
1840, allowed the sale of coffee mixed with chicory, a step which 
no doubt opened the way to wholesale adulteration. This is 
evident from a meeting of those interested in the coffee trade, 
held at the London Tavern, on the 10th of March, 1851, in which 
the chairman* explained that although more of what was called 
coffee was now consumed, yet that there was a less consumption 

* T. Baring, Esq,, M.P.* 
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of genuine coffee. ** W© wish,” he continued, “ to come to the 
real question, and we desite that it should be publicly under- 
stood that what is coffee be sold as coffee, and that what is not 
coffee, being a cheaper article, and, if you will, a more nutritious 
article, and as eligible for consumption, be sold to the consumer 
at the price at which it can be afforded.” A grocer from Shore- 
ditch having produced at the meeting a compound of burnt peas, 
dog-biscuit, prepared earth, and a substance “ which,” he said, 

I shall not describe, because it is too horrid to mention,” went 
on to affirm that several tons of the same material were in 
existence, and that it was used as a substitute for chicory and for 
3ri^lff.* 

The Lancet also gave details about the same time of the micro- 
scopical examination of thirty-four samples of chicory, nearly 
one-half of which were mixtures, the substances found being 
roasted beans, burnt corn, and acorns. It was under the pro- 
tection of this Minute, that Messrs. Duckworth of Liverpool took 
out a patent for the compression of mixtures of chicory and coffee 
intodihe shape of berries. Popular writers have, as usual, made 
the most of this patent, and the story has been retailed with 
additions from one book to another as a glaring instance of whole^ 
sale fraud ; but, although the purity of the manufacturers* inten- 
tions may be open to doubt, the fact remains that they did 
nothing against the existing law. The patent does not appear to 
have been profitable, and but few of the chicory berries were put 
in circulation. 

The subject of coffee-adulteration was not, however, per- 
mitted to escape the attention of Parliament, and petitions 
from planters, growers, and others interested in the sale or 
production of coffee increased in number. In the Commons, 
during the course of a long debate (April 14, 1851), Mr T. Baring 
stated that it could not be denied that there had been a diminu- 
tion since 1847 in the consumption of coffee to the extent of six 
million pounds, tho real cause of which was the wholesale 
admixture of coffee with chicory — this chicory of home growth. 
In 1840, at the time of the issuing of the Treasury-minute sim- 
pending the law as regarded that article, all the chicory used in 
the country came from abroad, and as an excisable import on 
which duty was paid, but since the issue of the Minute it had 
been cultivated largely in England. 

Similar statements were made in the House of Lords (July 3, 
•1851), on the occasion of Lord WharncliftVs presenting a peti- 

* “ Adulteration of Coffee. A verbatim report of the proceedings at a 

public meeting held at the London Tavern.” London, 1851. 
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tion to that House. In the following year, under the pressure 
of popular feeling on the subject, the objectionable Minute was 
rescinded, and a new Treasury-minute, dated July 27, 1852 (which 
was afterwards embodied in a subsequent order of the Inland 
Revenue Commissioners), permitted licensed dealers in coffee to 

keep and sell chicory and other vegetable substances prepared 
to resemble coffee, provided that they be sold unmixed with 
coffee, in packages sealed or otherwise secured, containing respec- 
tively not less than two ounces, and having pasted thereon a 
printed label with the name of the seller, the exact weight and 
true description of the article contained therein, and provided 
that no such article bo kept in a loose state, or otherwise than*in 
such packages as aforesaid, in any room entered for the storage 
or sale of coffee.” This regulation was, without doubt, irksome 
both to tinders and consumers, since every one who desired his 
coffee mixed with chicory could not buy the mixture prepared, 
but was obliged to purchase the coffee and chicory separately, and 
compound it himself. Hence, many memorials were presented 
praying That the sale of a mixture of coffee and chicory be not 
interfered with, provided each package has legibly printed thereon 
words plainly indicating such mixture.” In consequence of these 
representations this Minute was also rescinded* and a new one 
prepared. An order of the Commissioners of Inland Revenue, 
dated May 13, 1853,t followed, requiring that on every package 
containing a mixture the words “ This is sold as a mixture of 
chicory and coffee,” be printed in capital letters of Roman char- 
acter, of at least one-eighth of an inch in height, on the outside 
of the packages or canisters, on the same side of which there was 
to be no other printing or writing. On no other part of the pack- 
age, further, was there to be any other writing save the name and 
address of the seller. 

It would be a great error to suppose that these minutes of the 
Treasury, and subsequent orders of the Revenue Commissioners, 
had for their leading object the prevention of adulteration in its 
reference to the health of the subject. It will at once be noticed 
that they only touched on ** excisable articles,” and it was 
entirely a fiscal question. In a word, had the sophistication been 
of such a nature as to increase instead of diminish the revenue, 
the Treasury would have let it pass without notice. 

§ 23. TJie Select Committee of 1865 . — The prelude to legislation 
on adulteration as a whole, was the appointment of A Select 
Parliamentary Committee,” which entered on its labours in 1856. . 

* Pari. Paper, No. 135, VoL xeix., aess. 1852-63. 

.. t Pari. Paper, No, 608, sess. 1864-55. 
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The early appointment of this committee was, without doubt, due 
to the influence of the late Mr. Wakley, the able and courageouj 
editor of the Lancet In 1850 Mr. Wakley had established, in 
connection with his powerful journal, “TAc Lancet Sanitary Com- 
7?iis8i(m” of which commission Dr. Hassall was the leading spirit, 
with Dr. Letheby as occasional coadjutor in matters purely chemi- 
cal, and (what at that time was of great importance) with the 
assistance of a consummate artist, who drew microscopical objects 
with the most remarkable fidelity. 

The Analytical Sanitary Commission ” was commenced in the 
first number of the Lancet for 1851, and the scope of the inquiry, 
as stated by the editor, was as follows: “We propose, for the 
public benefit, to institute an extensive and somewhat rigorous 
series of investigations into the present condition of the various 
articles of diet supplied to the inhabitants of this great metropolis 
and its vicinity. . . . Special features of the inquiry will be 

that they are all based upon actual inquiry and experiment ; the 
microscope and the test tube will be our constant companions.” 
Notice was also given that at the expiration of three month;? the 
names and addresses of the shopkeepers from whom puri^ases 
had been made would be given ; but at the commencement the 
street alone was to be indicated. The promise was kept, and 
hazardous although the experiment most certainly was, yet in 
April we find the names of large firms freely published, and, so 
to speak, “ pilloried,'* for having sold impure and false goods. 

In 1855 Dr. Hassall collected the articles which had been pub- 
lished in the Lancet into a volume, entitled “ Food and its Adul- 
terations, comprising the reports of the Analytical Sanitary 
Commission of the Lancet for the years 1851-54. London, 1855.” 

In 1855 “ The Select Committee on the Adulteration of Food” 
commenced its labours, and examined as far as possible all those 
who were likely to have any special knowledge of the adultera- 
tions themselves, the methods necessary to detect them, and their 
effect on the revenue and on health. Dr. Hassall stated to the 
committee the results of his inquiries both for the Lancet Com- 
mission and during the course of his other labours, and gave in 
detail the frauds practised in regard to milk, coffee, tea, drugs, 
preserved fruits, &c. 

Dr. Alphonse Normandy, who had also written a work on 
adulteration — the result of ten years* investigation — said, in 
pving evidence as to the aluraing of bread, that he had seen alum 
ijtt bread in crystals of the size of a large pea. “ In the bread of 
one baker 1 found alum actually in the state of large crystals ; I 
went to him and showed him his bread, and he said, ‘ I cannot 
help it.* ** In extreme instances he had found as much as from 
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250 grains to twice that quantity of alum in the 41b. loaf, and in 
1847 he had found magnesia carbonate in three samples of bread. 
In 1847 and 1848, years of great scarcity, he had discovered bean 
and pea meal in flour, but this he considered quite exceptional. 
With regard to beer, he thought that brewers often made use of 
cocculus iiidicus; and, finally, he gave evidence of the great adul- 
tcs'ation of drugs. 

Mr. Blackwell, of the firm of Crosse & Blackwell, gave some 
very interesting evidence as to the ** coppering of preserved vege- 
tables ” pi’actised before the food articles appeared in the Lancet. 
The process in use by his firm was to boil the pickles or vinegar 
several times in copper boilers. After each operation they became 
greener, and vrhen the proj)er hue was attained, the process was 
finished ^ but since the outcry on coppered vegetables, this process 
had been abandoned. 

Another witness, Mr. O. L. Simmonds, the author of a work 
upon “Commercial Products,” in giving evidence on the adultera- 
tion of di’ugs, estimated that there was a loss to the revenue from 
this cause of no less than ^3, 000, 000 per annum. As an instance 
of the manner in which the revenue suffered, he cited the substi- 
tution of cassia for cinnamon ; cassia paid Id. per lb. duty, 
cinnamon 2d. The dealers sold cassia under the name of cinna- 
mon to such an extent as to aSect seriously the cinnamon trade. 

§ 24. Adulteration Acts, 1860 a7id 1872. — Upon the report of the 
Select Committee, the first general Adulteration Act was drafted, 
and became Jaw in 1860. The first section enacted, “That every 
person who shall sell any article of food or drink with wliich, 
to the knowledge of such person, any ingredient or material 
injurious to the healtli of persons eating or drinking such aiiviclc, 
has been mixed, and every person wlio shall sell as pure or 
unadulterated any article of food or drink which is adulterated 
or not pure, shall for every such oflerice, on summary conviction 
of the same, pay a penalty not exceeding £5, with costs.’* A 
second offence was punishable in addition by publishing the 
offender's name, place of abode and offence. The Act permitted, 
but did not compel, the appointment of analysts. The bodies 
which might apjM»int such analysts were : in the City of London, 
the Commissioners of Sewers ; in the metropolis generally, 
Vestries and District Boards ; in the counties, Courts of Quarter 
Sessions. Section 4 provided that any purchaser of any article 
of food in any of the districts in whicli analysts existed, might 
have such article analysed on payment of a sum not less than 
2s. 6d. and not more than 10s. 6d, ; the purchaser, on the com- 
pletion of the analysis, was entitled to receive a certificate of the 
result of the analysis. 
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These appointments were at first confirmed by the Secretary of 
State, but afterwards the Local Government Act of 1871 trans- 
ferred the regulation of the appointments to the Local Govern- 
ment Board. The Act existed, and was in partial operation, for 
twelve years, wlien it was entirely recast and inter.spersed with 
various sanitary considerations. 

In an Act passed in the year 1872 (35 and 36 Vic., c. 74)j it 
was enacted that Every person who shall wilfully admix, and 
every person who shall order any other person or pei’sons to 
admix, any ingredient or material with any drug to adulterate 
the same for sale, shall be liable to a penalty for the first offence 
not exceeding £D0, with costs." The second ofience was punish- 
able by a term of imprisonment not exceeding six mouths, with 
hard labour. By the second section ‘‘Every person who shall sell 
any article of food or drink, with which to the knowledge of such 
person any ingredient or material injurious to the health of 
persons eating or drinking such article has been mixed, and every 
person who shall sell as unadulterated any article of food or drink 
or any drug which is adulterated, shall for every such ofience, on 
a summary conviction of the same, pay a penalty not exceeding 
£20, with the costs of conviction.*^ By the third section “ Any 
person who shall soli any article of food or drink, or any drug, 
knowing the same to have been mixed with any other substance, 
with intent to fraudulently increase its weiglit or bulk, and who 
shall not declare such admixture to any purchaser thereof before 
delivering the same and no other, shall bo deemed to have sold 
an adulterated article of food or drink, or drug, as the case may 
be, under this Act.” 

The Act, with doubtful advantage, also extended the right of 
appointing analysts to boroughs having separate police establish- 
ments. The appointment Avas optional, save on the direction of 
the Local Government Board. The sixth section provided that 
inspectors of nuisances or otlier local ofiicer.s were to procure 
samples for analysis. Private jmichasers might have articles 
analysed as before, the only difiei'encc being that, under this Act, 
they were to hand the substance not to the analyst, hut to the 
inspector. There were also provisions as to the sealing and 
division of samples. Since the Act of 1860 remained imrepealed, 
the two Acts wore both in force simultaneously, and under their 
joint operation the following oflbnces were punisliable : — * 

1. Selling any article of food, drink, or medicine, that contains 
■any ingredient injurious to health, and knowing it to contain 
such ingredient. 

2. Selling any adulterated food, drink, or drug. 

+ “ The Law of Adulteration,*’ by Sidney Woolf Lond. 1874. 
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3. Wilfillly mixing with any article of food or drink any in- 
gredient or poisonous ingredient to adulterate the same for sale. 

4. Wilfully mixing any ingredient with any drug to adulterate 
the same for sale. 

5. Selling any article of food, drink, or any drug, knowing the 
same to have been mixed with otht^r substances with intent frau- 
dulently to increase its weight or bulk, unless such admixture be 
declared at the time of sale. 

§ 25. The Select Committee^ 1874. — These Acts by no means 
worked well. Many of the analysts were inexperienced, and even 
those who had considerable chemical knowledge diftcrod widely 
in the conclusions they drew from their analysejs. The reason of 
this was evident, for the standards had scarcely been settled. 
There was, for example, no general agreement as to the amount 
of fat ” and total solids** in milk ; the question of whether tea 
should be permitted to be faced, or not, w’as then (as, indeed, now) 
unsettled ; there was no method in use which distinguished alum 
added to liour and alumina existing as sand. Analyst contra- 
dicted analyst. Magistrates were ]>erp]exed as to the meaning of 
the word adulteration,** and conflicting decisions on mere legal 
technicalities oifered a still further obstacle to the healthy opera- 
tion of the Act, The public generally were dissatisfied with an 
Act which on many retail dealers inflicted real hardships — e.^., 
tea, paid for at the highest market price, and imported direct 
from China, would be examined by a local analyst, and pronounced 
to be faced with Prussian blue, gypsum, ckc.; ^vhile, from the 
peculiar nature of the statute, the seller, however innocent of the 
fraud himself, could not defend the cliarge on anything like equal 
terms. Petitions, moderate in tone, came in from most of the 
large towns, and the Government decided to appoint another 
Select Committee. A large number of witnesses : tea merchants, 
tea brokers, tea retailers, butter merchants,- cocoa and cofleo 
manufacturers, milk sellers, bakers, and analysts, were examined 
by this new Committee in 1874 ; and on their evidence a report 
was based, which stated that after having sat fourteen days, and 
examined fifty-seven witnesses, the Commissioners had arrived at 
the unanimous conclusion that, while the Act had done much 
good, it had, at the same time, inflicted considemble injury, and 
enforced heavy and undeserved penalties upon some respectable 
tradesmen. This appears to have been mainly due to the want 
of a clear understanding as to what does, and as to what does not, 
constitute adulteration, and in some cases to the conflicting* 
decisions and inexperience of the analysts. Your Committee are, 
however, of opinion, that the Act itself is defective and needs 
amendment.” 
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The report went on to say that the ailoption of the Act had 
been by no means general, and in many cases where it had been 
applied, its operation was of a very restricted character; for, even 
with competent analysts, if inspectors were not appointed at the 
same time, the Act remained a dead letter. All the London 
vestries had made appointments, but in only twenty-six out 
of seventy-one boroughs, and thirty-four out of fifty-four coun- 
ties, were there, at that date official analysts. The examination 
of tea was recommended to be made on importation by the 
Customs. The Committee did not consider that the exact 
proportion of mixtures need bo stated on a label, and they 
wished to record that mixed mustard and prepared cocoa 
liad been long manufactured at Deptford for the supply of 
the Navy, They recommended that small districts should be 
consolidated, and that, as a rule, the boroughs in a county should 
be united with the county for the purpose of appointing one 
analyst for the entire district ; and they pointed out that the only 
way to secure the services of really efficient analysts is to offer 
them a fair remuneration, wliicli can hardly be done without the 
union of seveml Local Authorities in one appointment.” The 
(Committee concluded their report by remarking that the public 
was cheated ” rather than ‘‘ poisoned.” 

§ 26. Sale of Food and Drugs AciSy 1875 and 1879. — On this 
re[)ort was based the Act of 1875, which is at the present 
moment, with its amendment of 1879, the existing law, and the 
full consideration of whicli will be reseiwed for another Section; 
the early defect in the Act, however, may be at once alluded to, 
for it had not been long in operation before its action was almost 
entirely stopped by legal ingenuity. The sixth section provides 
that “No person shall sell to the prejudice of the purchaser any 
article of food or any drug which is not of the nature, substance, 
and quality of the article demanded by such purchaser and in a 
J usticiary appeal case at Edinburgh, in which an inspector had 
])urcha8ed cream not for his own use but for analysis, the Scotch 
court discussed tlie “ prejudice ” question — three out of seven 
judges adopting tlie view that a purchase made under these con- 
ditions was not to the “ prejudice ” of tlie purchaser, and five out 
of the seven dismissing the summons on otlier grounds. The 
impression produced in this country, however, by the decision of 
the court, was that the sale, to be effectual, must be made in tlie 
ordinary way, and not merely for the purposes of analysis. The 
same question was raised in quite a different but equally ingeni- 
ous way in a “ mustai'd case ” argued before the Court of Queen's 
Bench, The purchase in this case was by an officer ; the defence 
being that, as it was well known that mustard was mixed with 
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flour and other things, such a purchase could not be to the pre- 
judice of the purchaser. The point, however, was left undecided ; 
the question again came before the Court of Queen’s Bench, in 
the case of Sandys v. Small, and the “ prejudice ” question was 
argued on both points. Whisky was alleged to have been mixed 
with water, and the defence set up — that it was known to be so 
mixed, and therefore not to the prejudice of the purchaser — was 
held by the court to be good, and the case having been decided 
upon this point, the other was not proceeded with. Finally, the 
question was settled by the case of Hoyle v, Hitchman, March 
27, 1879. The facts in this instance were of the simplest char- 
acter : the appellant had purchased milk in the usual official way; 
the milk was found to be adulterated, and the defence was that, 
as he did not use the milk, therefoi’e he did not buy the milk for 
his own use ; he was not prejudiced. The magistrate who heard 
the case considered the defence good, and dismissed the summons. 

Justice Mellor, in giving judgment, observed that the preju- 
dice ’’view of the Act would absolutely nullify its beneticial 
effect. For if the meaning of the enactment is that the offence 
cannot be complete without its being * to the prejudice of the 
purchaser,’ it is hardly possible that the offence should be brought 
home to any one. And this observation, in my view, goes far to 
show that this construction cannot be the right one. So far as 
authority is concerned, there is no direct decision in favour of 
such a view ; and indeed, in the English courts there is hardly 
any authority upon the point. For in the first of the two cases 
in this court referred to, the mustard case, my brother Lush 
distinctly said that, in his view, if the article were adulterated, 
it must be presumed that it was ^ to the prejudice of the pur- 
chaser,’ and I could not have dissented from that opinion or I 
could not have concurred in sending the case down to be re-stated 
on the other point. And as to the other case, no doubt in the 
course of the argument the Lord Chief-Justice made some such 
remark, but not by way of a decided dictum^ and rather by way 
of query or suggestion, and the decision went upon the other 
point, so that there is no authority in the English courts in favour 
of the view now presented. It cannot be said that the weight of 
judicial authority is against, and I rather think it is in favour of, 
the view which we have arrived at after the best consideration 
given to the question, as to the true construction of the enactment. 
It is quite general in its terms, and its terms are very large, nor 
is there anything to limit them, — ^ if any one shall sell, to the. 
prejudice of the purchaser, any article of food not of the nature, 
substance, or quality of the article demanded by the purchaser.’ 
There is nothing to limit the application of the enactment (as 
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some of the Scotch judges seem to have supposed) to articles 
deleterious in their nature. And in several of the sections (13 to 
1 7) provisions are made for purchases by public officers for the 
purpose of analysis and prosecution, assuming that if the article 
is found to be adulterated the offence ■will have been committed. 
It would be strange indeed if all these provisions were to be made 
nugatory by a construction which would, in effect, come to this — 
that proce^ings could only be taken by private individuals. 
Here the purchase was made by the inspector under those sec- 
tions ; but surely the case must be treated as though the purchase 
had been by a private individual. Now, in the case of a private 
individual no one could dispute that in such a case as this the 
offence would have been completed, and the magistrate has so 
found, in fact. That being so, what difference can it make as to 
the nature of the offence, that the purchase was by an officer on 
behalf of the public, and furnished with public money for the pur- 
pose ? If the purchaser asks for a certain article, and gets an 
article which by reason of some admixture of a foreign article is 
not of the nature or quality of the article he asks for, he is neces- 
sarily ‘ prejudiced and how can the fact that the purchase is 
not with his own money at all affect the question of the commis- 
sion of the offence ? The offence intended to be prevented by the 
Act was the fraudulent sale of articles adulterated by the admix- 
ture of foreign substances, which would necessarily be ‘ to the 
prejudice of the purchaser and those words were inserted only 
to require that such an adulteration should be shown to have been 
made. Taking all these matters into consideration, I cannot 
bring my mind to the conclusion that in such a case as this the 
offence is less complete, merely because the money with which the 
purchase was made was not the money of the purchaser, which 
must be wholly immaterial to the seller, and cannot affect the 
offence ho has committed. I come, therefore, to the conclusion 
that the magistrate was wrong in dismissing the case on that 
ground, and, therefore, that the case must bo remitted to him to 
be determined on the evidence as to the offence, alleged to have 
been committed.” 

. Mr. Justice Lush, in expressing his entire concurrence, said 
that the differences of opinion which unfortunately prevailed as to 
the true construction of the sixth section of the Act had crippled 
the operation of a most beneficial Act. — Judgment for the appel- 
lant. ■ 

. Finally, the Act of 1875 was amended by the “ Sale of Food 
and Drugs Act, 1879,”. which became law on July 21st in that 
year. This Act settled the ‘^prejudice” question, authorised the 
obtaining of samples of milk for the purposes of analysis, and 
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establislied standards for spirits. (See sections on the “Existing 
Law relative to Adulteration.”) 


V.— THE HISTORY OF THE PRESENT SCIENTIFIC 
PROCESSES FOR THE DETECTION OF 
ADULTERATION. 

§ 27. If an attempt wci’e made to write the full history of the 
m(^em system of the practical assaying of foods, beverages, and 
drugs, the result would be neither more nor less than a history 
of the development of the chemical, physical, botanical, and medi- 
cal sciences ; for there has scarcely been a single advance in any 
one of those sciences which has not some bearing, immediate or 
remote, on our subject. Hence, the more useful and less am- 
bitious method to punsue will be merely to notice the chief writ- 
ings and the more noteworthy discoveries of those who have 
explored this special field of investigation. 

The very eai*ly and brief notices in the old writers have been 
already mentioned. The first general works on adulteration wero 
devoted to drugs rather than to foods, and the herbals and the 
older works contain here and there, scattered through their prolix 
pages, casual mention of substitutions or falsifications. For 
example, Saladin of Ascala, a physician to the Grand Constable 
of Naples, who wrote in the fifteenth century a work on the 
aromatic principles of drugs, describes methods of preserving food, 
and in speaking of the adulteration of manna with sugar and 
starch, cites the case of an apothecary who was fined heavily and 
deprived of his civil rights.* 

§ 28. In the early part of the seventeenth century Bartoletus 
discovered by analysis milk-sugar (see chapter on “Milk”), and to 
this epoch belong also some observations and experiments of 
another Italian, San Francesco Redit of Florence, published in 
1660, on the amount of mineral substances in pepper, ginger, and 

* This work, ** Compmdium AromcUariurrit** was published in Augsburg, 
1481. There is no separate copy in the British Museum, but it will found 
as the “ Liber Saladini ” in the beautiful folio edition of the Arabic phy- 
sician (Yumanntl ibu Massawdih), Joannis memae damcutceni medico Claris- 
simi opera^ d?c., de medicamentorum delectu^ castigatione et um, 

/o/to, Venice-y 16^3. The work is in the old dialogue styl^ consisting for 
the most part of question and answer. The books preceding the “ Zi6er * 
Saladini ” also contain some observations on adulteration. 

t Francesco £edi, 1626-1697 j he was at once a poet^ a chemist; and a 
phywian* 
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black hellebore. He burnt lOOlbs. of each and weighed the ash : 
black pepper yielded 51bs. 2oz. 4drs. of ash, ginger 51bs. 3oz. 2drs., 
while black hellebore burnt in the same quantity gave 4]bs. of ash. 
These ash percentages, as we know, are accurate. He treated 
the ash with water, and noticed that all the salts lixiviated, and 
^ 'had a peculiar and definite ligui'e, which they kept although they 
were often resolved and afterwards congealed. “ If in one liquid 
you dissolve together two or three sorts of salts of different figure, 
when they congeal they all resumetheir ancient and proper figure.” 
He gives examples of this among mineral salts, and further states 
that if vitriol of Cyprus, rock alum, and nitre, be dissolved, on 
evaporation and crystallisation the different salt.s can be readily 
iletected .* 

§ 29. The Honourable Robert Boyle, whose numerous writings 
and discoveries are well known to all scientific men, may be said 
in a way to have written the first treatise, the solo object of which 
was to make known a method of detecting adulterations. The title 
of his work is Medicina Hydrostatica ; or Hydrostatics applied 
to Materia Medica, shewing how by the weight that divers bodies 
used in physic liavo in >vater, one may discover whetlior they bo 
gcmiine or adulterated,” 8vo., Lond. 1690. His method of deter- 
mining specific gravity was similar to that now used. He 
<letermined the specific gravityf of pure rock crystal, which he 
took as a standard, comparing the specific weight of various 
minerals with it. He showed that impure mercury sublimate, 
weighed in this manner, would be deficient, and that Roman 
vitriol mixed with alum might also be similarly detected. Ho 
observed that there were several forms of soluble salts in plants, 
but always some that were cubical. Bo 3 de also determined the per- 
cemtage of ash in about forty dilferont vegetables, and tlio amount 
of soluble ash. Boyle’s was not a work of general scope, for the 
^ most part confining itself to the recommendation of a particular 
although widel}^ aj)pUcablo method. 

An early general work on the adulteration of drugs was that 
of J. B. Vandeu Sande,J who be called the pioneer of 

* PhU, Tram., 1693, p. 281. 

t t believe that the oldest tables of sx)ccific gravity extant ^arc those in 
Lord Fnincis l^acon's “ IJistoria Dcusis ot Rari,” fob, Load., 1741, A cube 
of gold was talicn as a .stnndaul, aiul cubes of other .substances, of a si/e 
as exactly similar as juissible, were made, ile was conscious, however, of 
the want of eon»[>lete accuracy. 

+ Len falsi Ji cat torn dcs nn'dicamcuU deU^oifeett. imcnufc dauH Jcquel on 
rAmigne Ictf vioycm d.e, decoavvir frompcricft wittes cn nsay*.' paur fatsi/ier les 
inf-dicanmnls lani slmpfra tptr H ail on ctaUit- df:s regtea pour 

iiassurer de hur honfo, ouvragfi non acnlcment ufih aiix wedecim, chimrgic.nH, 
apothicaires, et droguiatts, waiit amsi aux maladcs, ” Far. J. 13. Vandeii Sande, 
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applied quantitative chemistry, for he not only described the 
mere external characteristics of various articles of the materia 
medica, but also made alcoholic and ethereal extracts, and deter- 
mined the weight of the extracts thus obtained. Ho also, after 
the manner of liis time, distilled the substances and obtained 
various products. 

§ 30. The invention of the microscope, revealing the most inti- 
mate structure of animal and vegetable tissues, and the regular 
and mathematical forms of salts and minemls,gave a great impetus 
to all the sciences. Antony Van Leeuwenhoek (b. 1G32, d. 1723) 
was the fii*st who in any philosophic manner occupied himself 
with this instrument. Gifted with rare powers of observation 
and manipulative dexterity, he made his own microscopes, and 
prepared all objects with his own hands. His microscopes 
were what we should now call lenses. Each object, permanently 
mounted, had a separate microscope, whicli merely consisted of a 
small double convex lens let into a socket between two plates 
riveted together, and pierced with a small hole. The object was 
placed, if liquid, on a fine little plate of talc, which was tlion glued 
to a needle, or, if solid, was attached to tlie needle itself Tliere 
was a mechanical arrangement by which the needle could be 
depressed or raised, or placed in any position desired. None of 
his lenses were veiy powerful — he rather preferred clear defini- 
tion ; nor were tliey all of the same magnifying power, but varied 
acooi^ng to the nature of the object. He possessed an incredible 
number of these instruments, and at his death bequeathed many 
of them to the Royal Society. He investigated daily during his 
long life all kinds of objects in the three kingdoms of nature, and 
made perhaps a greater number of discoveries as to minute struc- 
tures than any otlier man in Lis time; indeed, there was scarcely 
a competitor, for the method was peculiarly his own. Tliese dis- 
coveries did not attract so much attention in his day as they 
deserved, the reason probably being that scarcely any one 
possessed the suitable means of corroborating his researches. 
Leeuwenhoek seems to have been the first to discover the active 
principle of tea and coffee, and to describe the structure of the 
coffee berry.* Speaking of coffee beans, he says: “I placed some 
of the beans in a proper chemical vessel over the firo, and 
observed that, in the roasting or burning them, a great quantity 
of oily substance and also of watery moisture was expelled. The 

Mattre Apothicaire de Bmxelles, 'k la Haye, 1784. A well printed 8vo. of 
430 pages. The same author wrote a LeUre sur la aophiaticaiion des vins. 
Amstenlam, and cme or two other works. 

*' The author believes that this is the first notice of the separation of 
caffeine by Leeuwenhoek. 
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roasted bean I broke into small pieces, and after infusing these iii 
clear rain water, I suffered the water to evaporate after pouring 
it from the grosser parts of the coffee, and then I discovered a 
great number of oblong saline particles of different sizes, but most 
of them exceedingly minute ; all of them with sharp points at 
the ends and dark in the middle.”* He figures these saline 
particles,” and from the description and the figure they can be 
scarcely other than crystals of “ caffeine ” or “ theine.” Ho also 
cut thin slices of the berry, and one of his plates is a very good 
illustration of the cellular structure of coffee. He noted that “it 
was of an open and spongy texture . . . and some of the 

parts which in the figure appear closed up, consisted of globules, 
and were filled with oil.” Still more decisive are his observa- 
tions on tea, in which it is absolutely certain that he obtained 
“ caffeine ” or “ theine ” by sublimation, for he distilled it ahd 
collected the “ volatile salt.” All these saline particles were of 
the same shape, that is, very long and pointed at both ends. 
. . . I afterwards endeavoured, for my further satisfaction, 

to discover, if possible, how many saline particles could be 
produced from a single leaf of tea ; but having reckoned up only 
a part of the volatile salts contained in one leaf, I forbore any 
further observations, because the number I had already reckoned 
up was so great that I dared not publish it, as I had proposed to 
do, and indeed many persons could not believe that the leaf itself 
could bo divided into so many parts visible by the microscope, 
as 1 saw volatile saline particles produced from one single leaf.” 
He also examined the ash of tea, and noticed its deliquescent 
character. He separated several distinct salts, of which one kind 
had small cubical crystals, and was probably common salt. He 
also turned his attention to pepper, and extracted from it a crystal- 
line principle, probably “ pipeline.” He powdered long pepper, 
and placed it in a glass vessel, covering it with rain water to about 
one-third of an inch. “ After the water had stood about two hours, 
I poured it off, but it being evening I let the water stand all night. 
The next morning I saw in the place whei'e it was most evaporated 
an incredible number of saline particles, many of which were 
almost twice as long as broad, but one side always longer than the 
other.” He also distilled pepper, and extracted from it an oil. 
He considered the difference between white and black pepper to 
be that one was decorticated, the other not, and proved that he 
was right by direct experiment. In speaking of vinegar, he 
noticed that it was neutralised by chalk, and that it often contains 
minute eels — these ** eels ” he figures and describes. 


* “The Select Works of Antony Van Leeuwenhoek,” 4to. Lond., 1798. 
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To Leeuwenhoek, then, may fairly be accorded the credit of 
having made several unnoticed discoveries in food-analysis. 
Contemporaneously with Leeuwenhoek, Di\ Hy. Power publislied 
some microscopical observations, describing the appearances of 
sand, sugar, and salt, the eels in vinegar, and the mites in oat- 
meal. He also observed how easy it was to discover the particles 
or globules of mercury in compound powders. “ In those 
chymical prei>arations of mercury which they call * turbith 
mineral,’ ‘ rnercuriim vitae,’ sublimate precipitate, and mercury 
cosmetical, you may most plainly and distinctly see the globular 
atoms of current and quick mercury besprinkled all among the 
powders, like so many little stars in the tirmament.”* Ho also 
notices tlie minute structure of several leaves, and may be con- 
sidered, together with Dr. Hooke,t as the English representative 
of microscopical scicaice at that date. 

Microscopical observers rapidly multiplied as tlie instrument 
itself was perfected, and by about the year 1825, really good 
instruments, although not absolutely achromatic, could be pur- 
chased. In 1838, Elirenberg brought out his great folio on 

Infusorial Life.” The beauty of tlio illustrations in tlris have 
never been surpassed, and amply prove that very early in the 
nineteenth century, for those who could atibrd the expense, there 
were instruments of great power, precision, and detinition.j 

In 1844, Donne§ published Jiis beautiful plates containing, 
among other things, .some accurate representations of the milk 

* “ Experimental Philo.sophy, in Three Books, containing; New Observa- 
tion Experiments, Microscopical, Mercurial, Ma;j;netical.” Loud., lUOH. 

Dr. Hooke published his “Micrographialllustrata*’ in 1(556, in the Philo- 
sophical Tranmc.fmrtK^ in which he made known his invention of gjlass i'lobules 
applied to the microscope, l)y which an immense magnifying power was 
obtained. Heafterwards published a work entitled —^‘Micrographia; or, Some 
Physiological Descriptions of Minute Bodies, made by means «)f Magnifying 
(Classes, with Observations and EiKpiiries tliereu])oiV’ by R. Hooke’ E.K.S. 
London, 1765. The work is a folio illustrated with well executed copper- 
plates. He describes and iigures, like Leeuwenhoek, poppy seeds, vinegar eels, 
ic. He wa.s a man of great ingenuity and celebrity. J n a theoretical manner 
he anticipated the telephone, for in the preface he says : “’Tis not inii)osaible to 
hear a whis[)er a fui long’s distance, it having been alre.ady done, and {Kjrhaps 
the nature of the thing would not make it more im]»ossibJo thoiigli that 
furlong should be many times multiplied. . . 1 cau assure the rciuler that 
1 have, by the help of a disfc(?nded wire, propagated the sound to a very con- 
siderable distance in an instant, f»r with as seemingly (jiiick a m<»tion as that 
of light, at least incomparably swifter tlian that which at the same time was 
propagated through the air, and thi.s not only in a straight line, or direct, 
but in one bende^f in many angle.s.” 

t D'nt lufuMoidhicfchfri a Is Volhommanc Orfjanismcn. Von 1). Chris ti an 
Cottfroid lilireTiberg. Jjcifizig, 1838. 

^ A. Dojm^: Coursde Microscope, 
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corpuscles (see article on “Milk”). Dr. Ure, in an important 
case in which an attemjit was made to evade the duty on cassava 
starch by calling it arrowroot, and importing it as such, detected 
the fraiul by the microscopic ap[)earances alone. An excellent 
collection of objects illustrating the minute anatomy of plants was 
to be found in 1845 in the Museum of the College of Surgeons, 
the catalogue of which was edited in an illustrated form by 
Professor Quckett.* About the same time, Quek(;tt also delivered 
several lectiire.s on histology, in the course of which ])o pointed out 
the value of the microscope in the detection of fraud.f 

§ 31. In tlie hitter j)art of the eighteenth and the beginning 
of the niiKiteenth century, chemistry advanced with rapid strides: 
Neumann Caspar]; made various experinuuits on milk, wine, 
butter, tea, coflee, and other substances; the Boerlmve School § 
analysed milk ; Berz(diiis issued his chemical papers ; 8chcele 
instituted a variety of researches, and thus tlie foundation was 
being laid of tliose processes which were improved and perfected 
by the jdiilosophical mind of Liebig, ami applied in tlie analyses 
of various vegetable products j| by Mulder, many of wlioso 
methods are still quoted and taken tO a certain extent as 
standard. This advance in chemical s(?ienoe was naturally 
acconij>anied by more elaborate and scientific works on food, 
and for the first time it became possible to study the subject 
in a philosophical iiiaiiuei', and to apply a variety of processes 
for the detection of fraud. 

§ 32. There was published, in 1820, a w'ork on the adulteration 
of food, by Frederick Accura,ir which is sometimes inaccurately 
referred to by w riters of tlie present day as “ Death in the Pot.^ 
Acciiin, however, wrote no work bearing that title, which be- 
longs properly to a little book by an anonymous wu'iter, to be 
noticed presently. Accum^s work, apjjearing just at a time 
when several brewers had been fined heavily for having in their 
possession illegal substances, and being review ed most favourably 
by the press, exercised a very great inliuenee on the jniblic mind 

* “Descriptive and Illustrated Catalogue of the Histological Series in the 
Museum of tlic Royal College of Surgeons,’* vol. ii., 1850. 

+ “ Lectures on Histology, delivered at the Royal College of Surgeons, 
1850-1.” 

t “The Cliemical Works of Neumann Caspar, abridged and methodised/- 
By William IjcwIs. London, 177.‘1. Neumann Caspar, M.D., vom Theo 
CalTee, Bier und Wein : Leipsic, 1735. 

§ See chapter on “ Milk.” 

‘ j| “The Chemist^ of Animal and Vegetable Physiology, translated from 
the Dutch.** By I . F. H. Fromberg : Edinburgh, 1S45. 

H “ A L'reatise on the Adulteration of Food and Culinary Poisons, exhibit- 
ing the Frauflulcnt Sophistication of Bread, Beer, Wine, Spirituous Liquors, 
^i‘ea, Coffee, &c.** By Frederick Accum ; London, 1820. 
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— the more so as it was written with considerable ability and 
knowledge of the subject. 

After giving a general review of adulteration, and proving 
that it was a widespread evil, affecting more or less every in- 
dustry — ^that woollen goods were adulterated witli cotton, soap 
with clay, paper with plaster of Paris, provisions of all kinds 
with a number of worthless, or actually injurious substances, 
that even hardware, such as cutlery and the like, did not escape 
—he is surprised at the great ingenuity aj^plied to such bad pur- 
poses. “ The eager and insatiable thirst for gain,” he observes, 
** which seems to be a leading characteristic of the times, calls 
into action every human faculty, and gives an frresistible impulse 
to the power of invention, and where lucre becomes the reigning 
principle, the ])ossiblo sacrifice of a fellow.creature\s life is a 
secondary consideration.*’ From generalities Acciim then pro- 
ceeds to describe more or less minutely the fraudulent tricks of 
each particular trade : “ The baker assorts that he does not put 
alum in his bread, but he is well aware that in purchasing a 
certain quantity of flour, he must take a sack of ‘sharp whites,’ 
a term given to flour contaminated with a quantity of alum, with- 
out which it would be impossible for him to produce light, white, 
and porous bread from a half spoiled substance.” He also states 
that the baker used a powder technically called “stuff,” consisting 
of one part of alum in minute crystals and three parts of salt. 

In speaking of brewing frauds he supports his assertions hy 
reference to actual convictions taken from the papers of the day, 
and he cites among others the King v, Kichard Bowman, 
Times, May 18, 1818, in which the defendant, a brewer of 
Wapping, was convicted of having a substance called “inultum”* 
on his premises, and fined £200 ; aaid the King v. Luke Lyons, 
in which the defendant was convicted of having various delete- 
lious drugs in his brewery, among which were capsicum and 
copperas, and fined £420. 

FVqia these and similar trials and cases, he gives a list of the 
adultei^tions in use by the brewei’s, among whicli figure 
multum (just mentioned), cocculus indicus, sold to tanners and 
dyers under the name of “ black extract,” and “ bittern,” com- 
posed of calcined sulphate of iron, extract of cocculus indiciis, 
extract of qimssia and Spanish liquorice — a compound not much 
dissimilar from some of the “ hop substitutes ” of the present 
day. He also gives a list of the publicans convicted, between 
1815 and 1818, of adulterating beer; these casea^were nineteen in 
number ; but the only adulterations proved seem to have been 

* JduUum, a mixture of extract of quassia and liquorice. 

m . 
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“ salt of steol/^ which was doubtless sulphate of iron, common salt, 
molasses, and the mixing of table beer with strong beer. The 
fines ranged from X5 to <£400. 

In a notice of Mr Accum’a work in No. 156 of the Litwary 
Gazelle, there occurs the following passage, which may serve as 
an example of the sj)irit of the press: — “ Devoted to disease 
by baker, Inxtcher, grocer, wine merchant, spirit dealer, cheese- 
monger, pastry cook, and confectioner, the physician is called to 
our assistance. But here again the pernicious system of fraud, 
as iz has given the blow, steps in to defeat tlie remedy. The 
unprincipled dealer in drugs and medicines exerts the most 
potent and diabolical ingenuity in sophisticating the most potent 
and necessary drugs — Peruvian bark, rhubai'V, ipecacuanha, 
magnesia, calomel, castor oil, spirits of hartshoim, and aliQOst 
every other medical commodity in gtmeral demand, and ciiemical 
preparation used in pharmacy.’* 

A few years after Accum’s work a small duodecimo appeared, 
familiarly known under the name of Death in the Pot;’* but the 
full title of which was — ‘‘ Deadly Adulteration, and Slow Poison- 
ing, and Death in the Pot and the Bottle, in which the blood-em- 
j^oisoning and life-destroying adulteration of wines, spirits, beer, 
bread, flour, tea, sugar, spices, cheesemongery, pastry, confectionery, 
medicines, &c., are laid open to the public, with tests or methods for 
ascertaining and detecting the fraudulent and deleterious adultera- 
tions, and the good and bad qualities of those articles, with an 
expose of medical empiricism and imposture, quacks and quackerx;, 
regular and irregular, legitimate and illegitimate, and the frauds 
and malpractices of pawnbi’okers and madhouse keepers. By an 
enemy of fraud and villany.” London.* This little brochure of 
137 pages, written in a popular style, and rejoicing in a startling 
title, enjoyed a large circulation, and, despite its small intrinsic 

* No date, but probably about 1S25. A small Latin work, with a some- 
what similar title, had been published about a century previous. Mora in 
Olla^ seu metallimm contaffium in dboruvi, potuwn et medicaTncntomm. 
Scliuhe: 1722. This is, however, of but little merit, and only points out the 
danger of metallic contamination by articles cooked or preserved in copper 
vessels. At the end is the following 

“ Herr Anhalt zeirt den Tod in Topfen 
Das ist erschrocklich I doeh dabe3% 

Lchrt er ! aus welchen Grand man schopfen, 

^11 Oegengiffc und Artzeuey, 

Wodurch er dann giebt deutlich zu erkennon 
Dass man ihn bald mit Ruhm wird Doctor neimen.’* 

There were besides other Deaths;” as, for example— ^or« in vitro aeu 
letl^era vini adusti damna ex sola cjusdem asiringendi virtuti contrabefa, 
N. B. Noel. 1709. A poor tract, full of words, and offering nothing new. 
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merit, had more influence on the popular mind than any similar 
work that had ever apj>eared. As may be expected from the 
title, the book is grossly sensational, and in speaking of water, 
the author says — “ The fllthy and unwholesome water supplied 
from the Thames, of which the delicate citizens of Westminster 
fill their tanks and stomachs at the very spot where one hundred 
thousand cloacinae, containing every species of fiUh and all un- 
utterable things, and strongly im])regnated with gas, the refuse 
and drainage of hospitals, slaughter-houses, colour, lead, and 
soap works, drug mills, manufactories, and dunghills, daily dis- 
charge their abominable contents, is so fearful that w(^ see there is 
no wisdom in the well, and if we then lly to wShe we find no ti’utJi 
in that liquid. Bread turns out to bi5 a crutch to help us onward 
to the gi’ave, instead of being the staff of life. In poi'ter tliere 
is no support, in cordials no consolation, in almost everything 
poison, and in scarcely any medicine cure.’* In anotlier jilace 
he ascribes the sudden deaths of peophi in the streets, ifec., to the 
adulteration of their food. Among tlie sophistications of beer 
he enumerates, following Accum, cocculiis indiciis, St. Ignatius 
bean, nux vomica, tobacco, and extmet of poppies. 

§ 33. About nine years after Accum’s book had been publish eil 
in England, A. Bussy and A. F. Boutrou-Charlard published in 
France a work of considerable merit on the adulteration of drugs,* 
the arrangement of wliich is strictly aljihabetical. In the preface, 
the authors assert that the great development in the art of 
adulteration liad taken place particularly since the wars of the 
Republic and the establishment of the Continental system, and 
that it was due more especially to th(3 action of the government, 
who encouraged the use of products of home growth ; in conse- 
quence of which, roots grown in France were being substituted 
for those of foreign origin. Chestnut bark, Fi*encli rhubarb, anr( 
poppy were proposed to replace the ouinine of Peru, the rhubarb - 
of China, and tlie opium of the Levant. 

Gamier and Hard, in 1844, published their treatise;! a well- 
written work, moderate in tone, and without exaggeration. A 
great number of the chemical reactions and tests mentioned by 
them are in actual use at the present time. Two years later, 

J. B. Friedrich, in Germany, published his observations on the 
same subject. J The arrangement of Friedrich’s work Ls alpha- 

* TraUe den moyena de reconnaiire Its fahiflcaiiom des droyatSy simples et 
composSes, Par A. Bussy et A. F. Boutron-Chariard. Paris, 1829. 

+ Des falsijicatiom des avhstances alimenUiires et des nioyms chirnuiues ds 
lea reconnaitre. Par Jules Garnier et Oh. Harel. Paris, 1^4. fcimall 8vo. 

X Handbuch der Oesundlieitspolizei, der Speistny Getrankty und dtr zu, ihrer 
BftreUany yehrauchlichtn Inaredienien, Herausgegeben von J. B. Friedrich. 
Ansbao’ij 1846. 8vo. 
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betical. He paid much attention to the composition of diseased 
milk; and although ho made little, if any, use of the niicroscoii(\, 
the chemical details of the work are superior to any that had 
hitherto appeared (see article on “ Milk ”). 

§ 34. About the same time, after more than twenty years had 
- elapsed since the publication of any English work — Accum’s 
being the last — the subject of adulteration was revived liere by 
John Mitchell,* * * § who published w'hat must be considered a very 
useful volume, although many of the tests he gives would scarcely 
stand the ordeal of a court of justice at the present day. He 
states, ejj,^ that if an infusion of tea, treated witli sulphate of 
copper, and heated, throws down a copious chocolate precipi- 
tatfs “haw'tljorn” is present; if the infusion becomes of a bright 
green colour on adding caustic soda, sloe leaft is probable; but 
if, on the addition of acetic acid, the solution possesses a very 
briglit colour, ‘^its presence is certain.” Mr Mitchell's confidence 
in these I'eactious is amusing ; but, on the other hand, the greater 
number of liis observations are still valid. 

§ 35. In 1850 Chevallier issued his dictioiuuy of adulteration, J 
which, through successive editions, has from the time of its ap- 
j)oarance been, excellencey the standard French work on tlie 
subject. Many years before the i)ubIication of liis great work, 
however, M. Clnivallier had practically studied the tpiestion, as 
is proved by documentary evidence, and by liis numerous repre- 
sentations to the government on the necessity of amending the 
law. In a petition presented to the National Assembly in 1848, 
ho says§ — “Since 1833 I have constantly addressed to the 
Chambers of Deputies })etitions on the same subject, but these 
petitions liavc ever been abortive, and fraud has ]u-ogressively 
augmented.” Tiie first edition of his dictionary, written in a 
clear style, contained an excellent resume of what was already 
known with regard to falsifications, and, besides, was enriched 
with many new facts — the result of a long experience. 

In the same year, 1850, Alphonse Normandy, who published the 

* ‘‘Treatise on the Falsifications of Food, with the Chemical Means em- 
ployed to detect them.” By John Mitchell, P\0.8. Loiulon, 1848. 

+ The belief in the adulteration of tea by the leaves of the sloe is almost 
coutein]>oraneous with the introduction of tea itself into England, and 
there are mimerous allusions to the practice scattered throughout the 
various fugitive contributions to literature. However, that tea has been 
actually adulterated with sloe leaves rests on no direct evidence worthy of 
consideration. 

X Dictionnaire dvs alterations el dcsfalsijications des substances alimentaircs. 
Par M. A. Chevallier, Paris, Ist ed., 1850. 

§ Petition sur les j'alsyicatioiis^ adressbe a Vassenihlte nationale. Par A, 
Chevallier. 1848. 
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results of thirteen years’ labour in a Handbook of Commercial 
Analysis,” was one of the first who recommended the use of the 
microscope for the detection and discrimination of starches : “ The 
admixture of potato flour or fecula with wheat flour may be very 
well detected by the microscope,” p. 210. The scope of his work 
embraced not only the analysis of food, but also the examination of. 
a variety of commercial substances, ♦ such as ores, agricultural 
manures, soaps, tfec. The aiTangement is alphabetical ; successive 
editions have brought the work to the present time. • 

§ 36. A year after the ap|)earance of Normandy’s English 
and Chevallier’s French works, appeared the papers of Dr. 
Hassall, in the jmges of the Lmicet, as already mentioned. The 
publication of tliese papers marked a new era in legal medicine 
and the investigation of foods, and the technical application of 
the microscope was fully developed in the English uso. It was 
not so, however, among Continental chemists, for Hureaiix, 
in hia *^IIistoire des Falsijlcatimis” published in 1855, scarcely 
mentions the microscope, although, so far as chemical teats 
go, hia work leaves nothing to be desired. This is the more 
curious, since the autlior was aware of the evidence given 
before the Select Committee, as is obvious from more than one 
reference. 

§ 37. In 1874 a movement took place in England, the effect of 
which has been to give an extraordinary stimulus to analytical 
chemistry — viz., the establishment of the Society of Public 
Analysts. The movement originated with a few of the leading 
analysts, who, after one or two private meetings, called a general 
gathering, which all those engaged in actual practice were invited 
to attend. This meeting took place at tlie Cannon Street Hotel 
in August, 1874; and in a few months the society was fully 
organised, and a definition of adulteration within certain 
“limits” had been laid down as follows for the guidance of. 
members : — 

DEFINITION OF AN ADULTERATED ARTICLE. 

Aa article shall be deemed to be adulterated — 

A. In the case of food or drink : — 

1. If it contain any ingredient which may render such article injurious to 
the health of a consumer. 

2. If it contain any substance that sensibly increases its weight, bulk, or 
strength, or gives it a fictitious value, unless the amount of such sub« 
stance present be due to circumstances necessarily appertaining to its 
collection or manufacture, or be necessary for its preservation, or unless 
the presence thereof be acknowledged at the time of sale. 

* “A Handbook of Commeroiai Analysis.” By A. Normandy. London, 
1850. 
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3. If any important constituent has been wholly or in part abstracted or 
omitt^, unless acknowledgment of such abstraction or omission be 
made at the time of sale. 

4 If it* be an imitation of, or be sold under the name of, another article. 
B. In the case of drugs : — 

1 . If when retailed for medicinal purposes under a name recognised in the 
British Pharmacopoeia, it be not equal in strength and purity to the 
standard laid down in that work. 

2. If when sold under a name not recognised in the British Pharmacopoeia, 
it differ materially from the standard laid down in approved works on 
Materia 'Medica, or the professed standard under which it is sold. 

LIMITS. 

The following shall be deemed limits for the respective articles referred 

to : — 

^^ilJc shall contain not less than 9*0 per cent., hy weight, of milk solids 
not fat, and not less than 2*5 per cent, of butter fat. 

Skim Milk shall contain not less than 9*0 jier cent., by weight, of milk 
solids not fat. 

Batter shall contain not less than 80*0 per cent, of butter fat. 

Tea shall not contain more than 8*0 per cent, of mineral matter, calculated 
on the tea dried at 100“ C., of which at least 3*0 ]r>er cent, sh^ be 
soluble in water, aud the tea as sold shall yield at least 30*0 percent, of 
extract. 

Cocoa shall contain at least 20 per cent, of cocoa-fat. 

Vinegar shall contain not less tnan 3*0 2 )er cent, of acetic acid. 

The proceedings,” wlucli apjieared first in the Chemical News, 
were afterwards published in the special organ of the Society — 
the A nalyst — throughout the pages of which will be found details 
of numerous processes, discoveries, and im})rovements in practical 
chemistry, which it is certain would, for the most part, not have 
been invented or known had there been no such encouraging 
organisation. With this brief account of the establishment 
among us of the Society of Public Analysts, we may bring our 
sketch to a close. 

» The following is a fairly complete list of works discussing the 
adulteration of food as a whole, A list of treatises on single 
articles will bo given in the bibliographies at the end of each 
chapter. 


38.— A LIST OF GENEBAL TREATISES ON ADULTERATION 
CHRONOLOGICALLY ARRANGED. 

Boylk, Robkrt. — “ Medicina Hydrostatica ; or Hydrostatics applied to 
• Materia Medica.” London, 8vo, 1690. 

Sandb, J. Vajtdkn,— “L ea falsifications des medicaments ddvoil§es.” La 
Ha3re, 1784. 

Favrk, A. P. — *‘De la sophistication des substances m^dicamenteuses et 
des moyeus do la reconnaitre.” Paris, 1812, in Svo. 
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AcruM, Frkd.— “A Treatise on Adulteration of Foods and Culinary 
Poisons.” London, JS*20, 

Ebermayek, Cij. — “ Manuel dos pharmacieus et des droi'uistes, ou traits dcs 
caracteres diatinctifs des alt6ration3 et sophistications des medi- 
caments.^’ Traduction par J. B. Ka[>elcr et J. B. Oaventou, Paris, 
1821, 2 Vols., ill 8vo. 

Branch!, Gicseppk. — “S ulla falsificazione delle sostanze spccialmcnte medi*. 
ciiiali e sui niezzi atti ad scoprirli.” Piza, 18*28. 

Dksmarest. — “ Traite dcs falsifications, ou expose des diveraes nianiercs 
de constater la purctc des substances eiriplo 3 'ees en iii6<lcciiie, dans 
les ai ts, et dans I’^conomie doinestique.” Paris, 1827, in 12mo. 

Bussy et Boutron-Charlamd. — “Traite des inoyens de reconnflitre les 
falsiiieations des droi^ues, simples et comiHisees, et d’en constater le 
degro de purcte.” Paris, 1821), 8vo. 

Walchnkr, F. H. — “ Darstelliiug der wichtigsten iin biirgcrlichcn I^eheii 
vorkommenden Verfalschuiigtm der Nahrungsinittel iind (letninke, 
uebst den Aiigabeii, wie (lieselben schnell und sicher entdeckt 
werden kunucii.” Karlsruhe, 1840, in 12mo, 120 pp. 

. — “ Darstelluiig der wichtigsten, bis jetzt erkannten Ver- 

falschimgen der Arznciniittel und Drogueii.” Karlsruhe, 1841, Svo. 

Bru3I, Franz. — “H ilfsbuch bei Untersuchungen der Nahrnngsmittel und 
Getriinkc, wie deren pjchtbeit erkannt und ihre Verfalschiuigcn 
entdeckt werdon kiinnen.” Wien, 1842. 

Richter. — “ Die Verfalschungen der Kahrungsmittel und anderer Txjbciis- 
bedurfuisse, nebst einer deiitlicbeii Auweisuiig die Kchtheit 
dcraelben erkermen und ihre Verfalschung eiitdeckcn zu kOmien.’’ 
Gotha, 184.3. 

Garniek, j., et Harel, Ch. — “D cs falsifications des substances alinieii- 
taires, et des ino^^ens chimiques de les reconuattre.” Paris, 1844. 

Bertin, G. — ^“Sophistication des substances alimeniaires, et mo^^ens dc 
les reconiiaitrc.” Nantes, 1840, Svo. 

FkiedricI!, j. B. — “ ITandbucIi der Gesundlieitspolizei, der Speisen, der 
Getriinke, und der zu ihrer Bereitung gebriiuchlichsten liigredienteu.’’ 
Ansbach, 1840, Svo. 

Beck, Lewis C. — “Adulterations of Various Substances used in Medicine, 
and the Means of Detecting them: iutentled as a Manual for the 
Physician, the Axiothecary, and the Artisan.” Ncav York, 1847, Svt>. 

Acam, F. L. — Traite des falsiiieations des substances modi carrien teases 
et alimeutaircs, et les moyens de les reconnaitre.” Anvers, 1848,. 
in Svo. 

Mitchell, J. — “Treatise on the Adulteration of Food.” London, 1848, 
in J 2mo. 

Pedroni, P. M. — “ Manuel complet des falsifications des drogues, simples 
et compos^es. ” Paris, J 848, in 18mo. 

Normandy, Alphonse. — “C ommercial Handbook of Chemical Analysis.” 
London, 1850 (there are later editions). 

CuEVALLiEU, A. — “ bictionnaire des alterations et falsifications des sub- 
stances alimentaire.s, inCdicamciiteuses et commerciales, avec I’indiea- 
tion des moyens pour les reconnaitre. ” Paris, 1850-52, 2 Vols. 
(last ed.,^5th, 1878). 

DrNGEK ViLf.K, iSmile. ~ “I’raitd des falsifications des substances alimentoircs, 
et des moyens de les reconnaftro.” Paris, 1850. 

Taubek, Isidore. — “Verfalschungen der Nahrungstofie und Arzneimittcl.” 
Wien, 1851, 8vo. 

Pierce. — “Examination of .Drugs, Medicines, Chemicals, &c., as to their 
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Purity and Adulterations.” Cambridge, Massachusetts, U.S., 1852, 
in 12mo. 

<jiLLE, N. — Falsiiications des substances alimentaires. ” Paris, 1853. 

Foi\ — “ Adulteration of Food.” London, 1858. 

liow. — “ Adulteration of Food and Drinks.” London, 1855. 

Hass ALL, Aktuuk Hill. — “ Food and its Adulterations, comprising the 
Deports of the Analytical Sanitary Commission of the Lancet for the 

• years 1851-54.” (There is a later edition.) 

Houeaux. — “ Histoire des falsitication.s des substances alimentaires et 
mGdicamenteuses.” Paris, 1855, 8vo. 

Majuiet. — “Composition, Adulteration, and Analysis of Foods.” London, 
1850. 

Paykn. — “ Des substances alimentaires.” Paris, 1856. 

liALTOiV. — “ Adulteration of Food.” London, 1857. 

Si>riLLiKR, J. — “Des substances alimentaires, de leur cpiaUte, de leur 
falsification, de leur manuteiition, et de leur conservation.” Anvers, 
1858, 8 VO. 

Klencke.— “ Die Verfiilschung der Nahrungsmittcl, Getriinke,” &c. 
I..eipzig, 1858. 

Petit L.^ kittk. — “ Instruction simpliliec pour la constatation des propriGtes 
des alterations et des falsifications, des principales deurCes alimeu- 
tairea.” Bordeaux, 1858. 

fiKLLKK, A. — “Precis d’ analyse pour la recherche des alterations et falsi- 
fications des produits chimhiues et pharmaceiitiques.” Paris, 
1860. 

Pa< en, Aurelio. — “Chimica bromatologica ossia guida per riconoscere la 
bonta, le altcvazioui e le falsi licazione delle sostanzo aliment^ri,” 
Firenze, 1872. 

U'alchskr, J. H. — “Die Nahrungsmittcl desMeuschcu, ihre V'erfillschungen 
mid Verunreiniguiig.” Berlin. 1875. 

An 8vo. of 324 pages, in wliich there are no plates ainl nothing 
new is advanced ; it is, liowever. a not unskilful compilation, 

►SotTjjEiuAN, J. Leon. — “Nouveau dictionnaire des falsifications et des 
altGrations des aliments, des me'dicaments,” &c. Paris, 1874. 

The figures are mostly borrowed from Hassall's w'ork, the articles 
well conipilod, French sources j>redoniiiuiting, with very scanty notices 
of German work. At the end of each article there is a short bibli- 
ography. 

Hlyth, A. Wynter. — “A Dictionary of Hygiene, comprising the Detection 
of Adulteration,” London, 1876. 

Hassall, A. H. — “ Food and its Adulterations, and the Methods for their 
Detection.” London, 1876. 

Naqitkt, A. — “Legal Chemistry; a Guide to the Detection of Poisons, 
Examination of Stains, &c,, as Applied to Chemical Jurisprudence.” 
New York, 1876. 

The W'ork is a translation from the French, but su]X'rior to the 
original. At the eml is a useful bibliography of works relating to 
forensic medicine and adulteration. 

.Selmi, Antomo. — “ Ghimica appficata alPigione, alia economia tlomestica.” 
Milan. 

Klknokk, Hermann. — “ Illustrirtes Lexicon der WnfiilscliungeiidcrNah- 
rungsmitiol uiid Getriinke.” Lcipsic, 1878. 

SiiAurLES, C. il.— “ Food and its Adulteration.” Preston, U.S., 1879. 

Blank. — “ De la Oontrefav'on.” 

Diktscu, O. — “ Die Wicjjtigstcn Nahrungsmittel,” &c. Zurich, 1879. 
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Elsner, Fr, — D ie Praxis der Nahrungsmittel, Chemikers Anleitung zar 
IJntersuchung von N ab run^initteln u. V erbrauchsgegcnstUnden, sowie 
£ hygieniscben Zweck.” Leipsic, 18S0. 

PERIODICALS. 

Zeitscbriffc fbr Untersucbiing von Lobensmittoln, &c. , Eichstatt. 

Zeitschrift gegen Verfalschung der Lebensmitteb Leipzig. 

Analyst, London. 


VI.— THE PRESENT LAW IN ENGLAND RELATIVE 
TO ADULTERATION OF FOOD. 

The Sale of Food akd Drctos Act, 38 and .39 Vic., c. 6.3, 1878; and 
Sale OF Food and Drugs Act Amendment, 1879, 42 and 43 Vic., c. 30. 

§ 39. The preamble of the ‘^Salo of Food and Drugs Act '’ 
repeals the Acts in force relating to the adulteration of food. 

„ Section 2 defines the term food to include every article used 
for food or drink by man, and the term ‘ drug’ to include every 
medicine for external or internal use.* 

f * The Prize Essay of Mr. Wigner, “ On a Law to prevent Adulteration in 
America,’^ contains the following definitive clauses, which are a decided ini* 
provement on the English Act, and have been in great part adopted in tlie 
American Act 

A, — In the Case of Drugs, 

A drag shall be held to be adulterated, 

1. If when sold under or by a name recognised in the United States Phar- 
macopoeia, it differs from the standard in strength, quality, or purity laid 
down therein. 

2. If when sold under or by a name not recoraised in the United States 
Pharmacopceia, bat which is found in some other PharmacopoRia or other 
standard work on materia medico, it differs materially from the standard of 
strength, quality, or puiity laid down in such work. 

^ If its stren^h or purity fall below the professed standard under which 
it it sold. 

B.— In the Case of Food or Drink. 

The article shall be held to be adulterated, 

1. If aay substance, or any substances, has or have been mixed with it, 
so as to*reduce or lower, or injuriously affect its quality, strength, purity, or 
true value. 

2. If any inferior or cheaper substance, or substances have been substi- 
tuted whoUy or in part for the article. 

3. If any valuable constituent of the article has been wholly or in pai^ 
abstracted. 

4. If it be an imitation of, or be sold under the name of another article. 

5. If it consists wholly or in part of a diseased, or decomposed, or putrid. 
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Section 3. No person shall mix, colour, stain, or powder, or 
order or permit any other person to mix, colour, stain, or powder, 
any article of food, with any ingredient or material so as to 
render the article injurious to health, with intent that the same 
may ho sold in that state ; and no person shall sell any such 
article so mixed, coloured, stained, or powdered, under a penalty 
in each case not exceeding fifty pounds for the first offence": 
Every off(3iicc after a conviction for the first offence shall he a 
niisdemeaiiour, for which the person, on conviction, sliall be 
imprisoned for a period not exceeding six months with hard 
labour. 

Section 4 is very similar to this, and relates to drugs : No 
person sliall, except for the jiurposo of compounding as herein- 
after described, mix, colour, stain, or powder, &c., <fec., any drug 
witli any ingredient or material so as to affect injuriously the 
quality or jiotency of such drug, with intent that the same may 
he sold in that state, and no person shall sell any such drug so 
mixed, coloured, stained, or powdered, under the^ same penalty 
in cjach case respectively as in the preceding section, for a first 
and subsequent offence.” 

The sections above quoted, formidable as tliey appear, possess 
in reality no deterrent powers, but are perfectly harmless, 
since no prosecution is likely to succeed under these sec- 
tions, save when supported by very exceptional circumstances ; 
for the next section expressly provides that no conviction 
is to take place if Ihe person accused ‘‘ did not know of the article 
of food or drug sold by him being so mixed, coloured, stained, or 
powdered,” and were able to show that he could not with 
reasonable diligence have obtained that knowledge.” 

§ 40. The real working sections of the Act are the following: — 

Section 6. No person shall sell, to the pi^ejudice of the purchaser^ 
any article of food or any dinig which is not of the nature, 
substance, and quality of the article demanded by such purchaser, 
under a penalty not exceeding twenty pounds, provided that an 
offence shall not be deemed to be committed under this section 
in the following cases, that is to say : — 

1. Where any matter or any ingredient, not injurious to 
health, has been added to the food or drug, because the same is 

♦ 

or rotten animal or vegetable substance, whether manufactured or not ; or 
in the case of milk, if it is the produce of a diseased animal. 

6. If it be coloured, or coated, or polished, or powdered, whereby damage 
is concealed, or it is made to appear better than it really is, or of greater 
value. 

7. If it contain any added poisonous ingredient, or any ingredient which 
may render such article injurious to the hwth of the person consuming it. 
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I'cquired for the production or preparation thereof as an article 
of commerce, in a state fit for carriage or consumption, and not 
fraudulently to increase the bulk, weight, or measure of the food 
or drug, or conceal the quality thereof : 

2. Where the drug is a proprietary medicine, or is the subject 
of a patent in force, and is supplied in the state required by the 
specification of the patent : 

3. Where the food or drug is compounded as in this Act 
mentioned : 

4. Where the food or drug is unavoidably mixed with some 
extraneous mutter in the process of collection or prejjaration. 

In the amended Act, the second section, 41 and 42 Vic., c. 30, 
states that in any i)rosecution under the provisions of the princi- 
pal Act for selling to the prejudice of the purchaser any article of 
food or any drug, wliich is not of the nature, <kc., it shall be no 
defence to any such prosecution to allege that tlio purcliaser, 
having bought only for analysis, was not prejudiced by such sale. 
Neither shall it be a good defence to prove that the article in 
<[uestion, though defective in nature or substance or quality, was 
not defective in all three respects. 

The sixth section of the amended Act is to be read with the 
sixth section of tlie principal Act, for it states that In deter- 
mining whether an oflfence has been committed under section six 
of the said Act, by selling to the prejudice of the purchaser 
spirits not adulterated otherwise than by the admixture of water, 
it shall be a good defence to prove that sucli admixture has not 
reduced the spirit more than twenty-five degrees under proof for 
brandy, whisky, or rum, or thirty-five degrees under proof for 
gin.” 

Section 7 of the principal Act enacts that ‘‘ No person shall 
sell any compound article of food or compounded drug, which is 
not composed of ingredients in accor lance with the demand of 
the purchaser ; penalty not exceeding £20.” 

Section 8 provided “ That no person shall bo guilty of any 
such oflbnce as aforesaid in respect of the sale of an article of food 
or a drug mixed with any matter or ingredient not injurious to 
health, and not intended fraudulently to increase its bulk, weight, 
or measure, or conceal its inferior <|iiality, if at the time of 
delivering such article or drug ho sJiall supply to the person 
receiving the same a notice by a label distinctly and legibly 
written ov printed on or with the article or drug, to the effect 
tliat tlie saiiKt is mixed.” 

Section 0 enacts “ That no j>crson shall, with tlio intent that 
the same may be sold in its altered state without notice, abstract 
from an article of food any part of it so as to affect injuriously its ' 
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quality, substance, or nature, and no person shall sell any article 
so altered without making disclosure of the alteration, under a 
penalty in each case not exceeding £20.” 

§ 41. One of the chief loopholes which offenders against the 
Act have diligently availed themselves of is the label section, 
Section 8. A label will often have a description of the article in 
large letters, such as COCOA, COFFEE, <ka, and then in 
miserably small type a statement that the article is mixed. In 
the case of Liddiard v. Eeece, a grocer had sold half a pound of a 
mixture of coffee and chicory to an inspector ; the mixture was 
contained in a canister, and was duly weighed, and the full price 
of coffee was paid for it. After the sale had been completed, the 
purchaser informed the appellant that he intended to have the 
article analysed.. Thereupon, while the packet was still on the 
counter, the appellant called the purchaser’s attention to the label, 
on which the purchaser noticed for the first time the words 

This is sold as a mixture of chicory and coffee,” printed in 
distinct and legible characters. The label was alhxed in a con- 
spicuous |)osition on the outside of the packet. The purchaser 
then said that he had asked for ‘‘coffee,” and not for “chicory and 
coffee.” The mixture was found by tlie analyst to consist of 60 
parts coffee and 40 parts chicory. On the hearing of the case 
before the magistrates, they convicted the vendor on the follow- 
ing grounds : — “ The fact that the purchaser asked for coffee and 
was supplied with an article consisting of only 60 per cent, 
coffee and 40 per cent, chicory, without having his attention 
called to the label ; and without, in fact, seeing it until the 
purchase was completed, and also the fact that the price ho paid 
for the said article was a usual and fair price for pure coffee, and 
much more than would liave been given for coffee mixed with 
chicory to the above extent . . . and that, tlierefore, the 

appellant was not protected by the said eighth section.” 

On appeal tlic case was decided in the Coui’t of Queen’s Bencli, 
November 29, 1879, before Justices Lush and Manisty, who 
quite agreed with the magistrates on their finding, and the con- 
viction was aflinned.* 

* This case probably overthrows the case reported iu the Thnes, JuneS, 
1879, Gibson v. Leajier, a prosecution undertaken under the old Act, 35 and 
36 Vic., c. 74, sections 2 and 3. On conviction the vendor appealed. The 
cose was that of a Spalding grocer, who sold a [racket of “ E[>i> 3 ’s (.^ocoa*’^with- 


make the oil in the cocoa soluble and easy of digestion, to combine with it 
arrowroot and sugar. The court quashed the conviction, holding that a^um- 
ing the cocoa to be adulterated, it had not been sold as unadulterated. In the 
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From this important decision it is evident, tixat if a person 
asks for any substance, such as coffee, and the coffee is handed 
to him and found to be labelled, such label contjiining words 
relative to its being a mixture, yet that such label does not pro- 
tect the vendor, unless he has previously called the purchaser's 
attention to it ; in like manner, any verbal declaration is no pro- 
tection unless it is uttered before the sale is completed. The Siile, 
again, is evidently not completed until the goods are delivered 
into the purchaser's hand, and the vendor has received the 
money. Should a person buy any substance in a shop, and (after 
having tendered his money, and the same has been accepte<l) 
proceed to state that the article is required for analysis, and the 
vendor thm attenijjt to return the money : if the purchaser does 
not accept the money, the sale is evidently complete. On the 
other hand — an inspector went into a druggist’s shop and asked 
for quinine wine. The chemist served him with the wine, 
wrapped it up, and laid it on the counter. The inspector then 
produced his bottles, and declaring the nature of his errand, was 
about to divide the wine into three parts, when tlie druggist 
seized the bottle and refused to sell the wine, wdiich, a moment 
before, by his actions lie seemed ready to do. In this case, the 
sale was not comjdete. But now, let us siij^jwse that the 
inspector had been a little quicker than the chemist, and seized 
the sample, and, notwithstanding the expressed refusal of the 
druggist to sell, the inspector had cast his money on the counter 
— Would the drug have been sold? This question is somewhat 
difficult to answer, but I think that it would have been a sale, 
and, if adulteration had been proved, the vendor would probably 
not have esca]>ed through adopting the defence tliat there had 
been no sale."* 

In the case of a grocer who sold adulterated coffee, the vendor 
had received the money, and had laid the packet and alsotlie change 


case of Pojie v. Turle Law Journal), May 28, 1874, the Justices of Bed- 
ford dismissed a summoos for selling adulterated mustard, and the purchaser 
appealed. It was stated in the case that at the time the r 6 S[» 0 Ddent delivered 
the mustard to the appellaut he said: *‘l do not sell you this as pure 
mustard.*’ The mustard was found to be the common mixture «)f Hour and 
mustard. Lord Coleridge, Mr Justice Brett, and Mr Justice (rrovc, were 
undivided in their opinion that the seller was entitled to their judgment on 
the ground of his having declared to the purchaser that the mustanl was 
mixed with some other ingredient, and that, even had he not done so, he 
could not come within the section to incur the penalty, because if the 
admixture was such as to make it an adulterated article, still be had not 
sold it as an unadulterated article. 

* In any case, the druggist might have been prosecuted under sect. 17 of 
the principal Act, for refusing to sell 
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on the counter, but on hearing the errand of the purchaser he 
laid his lian<l on the change and the packet, declaring that the 
sale was not coinjilete, as he had not given the change, and also 
that he did not sell the goods as unadulterated. But the magis- 
trates very properly did not admit the defence. 

. § 42. There is an important question as to how far a vendor 

can bo protected by having a board in or over his shop or place 
of business, giving notice to the effect that all the goods are 
adulterated. 

The English law is made for those who cannot read as well as 
for those who can: and presuming a purchaser to be uneducated, 
the notice, gives him no information. Again, it is certain that 
a very large number of purchasers, even should the notice be in 
a conspicuous place, fail to observe it. In most cases in actual 
j)ractice sucli initices are a distinct evasion of the Act, being 
inconsfiioiious, and in dark corners. 

A seller of milk had a van on wliich a notice was placed, 
^'Country vskimmed milk, sold as adulterated inilk,^' The man 
witli his can w ent on foot from door to door, tlie van being in 
the road. It is evident that, in such a case, very few of the 
customers could have seen the label. An inspector who bought 
a sample of the milk did not see it, and the magistrate convicted 
the defendant.* The important api>eal case of Sandys v. Small, 
decided before the Court of Queen's Bench, June 25, 1878, bears 
upon this, and lays down the law. A publican put up a notice 
in his house : ‘‘ All spmts sold liere are mixed.'' The inspector 
of weights sent a messenger to buy some whisky, which was 
given without anything more being said on either side ; but the 
purchaser ailmitted that before he bought the whisky he saw the 
notice, “ All spirits sold here are mixed, 38 and 32 Viet., c. 63, 
sec. 8 and i),” although at the very moment of buying the 
■whisky lie did n<»t see it. It was proved that a similar notice 
was posted at the bar window in full view of persons purchasing. 
Chief-Justice Cuckburn said : — If the seller chooses to sell 
an article wdth a certain admixture, the onus lies on him to 
prove that the purchaser knew what he was purchasing. VV^ith 
respect to the alteration of the article, the Act has provided him 
witli the means of protecting himself against such a presumption, 
and says that if he attaches to the article a notice of the altera- 
tion wliicli lias been made in its quality, then he shall be pro- 
tected against any charge of an ofience against the Act. If he 
does not i*csort to this protection, then the presumption of law 
attaches, aud is unrebutted. If he can show that he brought 


* Analyst, 1880, p. 225. 
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lionie by other ways to the knowledge of the customer, that the 
quality of the article was altered by admixture, then he does not 
commit the offence, because both parties knew it, and the seller 
does not sell an article to the ])rejudice of the purchaser, and the 
parties are perfectly free to contract on that footing. In that 
view the seller, if he has stuck up a notice, would not commit- 
an offence tlioxigh he might not have affixed a label to the bottle, 
because he did not sell Ho the prejudice of tlie purchaser.' 

It was sufficiently manifest tliat the man who was sent 
to buy the whisky knew of tlie notice stuck up, and hence it 
was clear that the defendant committed no offence.” 

From this judgment it is sufficiently evident tliat wliore tlie 
general label or notice has been clearly seen and iinderstoc'vd 
before making the purchase, tlien no offence is committed. 'Fho 
decision of Ijiddiard v. llecce docs not cover exactly the saim^ 
ground as the case just quoted, but both, I think, support the 
view here put forward — viz., that the defendant is bound to 
prove that tlie purchaser had a clear knowledge of the quality 
of the goods before purchasing. 

§ 43. Section 10 pi'ovidos for the appointment of public 
analysts in England, Scotland, and Ireland, by various local 
bodies, such as, in England, the Commissioners of Sowers for the 
City of London, tlie Vestries and Local Boards of tlie Metro])olis, 
the Quarter Sessions of Counties, and the Town Councils of 
Boroughs with a separate police establishment ; in Scotland, the 
Commissioners of Supply, or the Commissioners of Boards of 
Police, or, where there are no sucli Commissionei-s, the Town 
Councils of Burghs ; and in Ireland, the Grand Juries of the 
Counties and the Town Councils of the Boroughs. 

These appointments must be confirmed by a central authority, 
which, in England, is the Local Government Board ; in wScot- 
land, one of Her Majesty’s Secretaries of State ; and in Ireland*, 
the Irish Local Government Boai’d. The api)ointmeut is, in the 
first instance, permis.sivc, but the superintending or central 
authority may compel tlie apjjointment, and the fiilling of any 
vacancy apjieara to be compulsory. 

The qualifications of the analyst are, to a certain extent, 
defined by the Act, for it directs that there shall be appointed 
“ one or more persons possessing comjietent knowledge, skill, 
and experience.” It has been thought that tlie person appointed 
must have had a medical education ; but although this may bo 
desirable, and extremely useful, yet it is certain tliat with regard 
to the carrying out of the Act itself, the best qualifications are 
tliose of a chemical and scientific natui’C. A board selecting 
an analyst for the first time should insist more especially on 



53 


§ 44.] THE PUESEKT LAW AS TO ADULTERATION. 

cliemical experience, as evidenced by original papers, the inven- 
tion of jirocesses of analysis, and practical work done in the 
laboratory of some well-known analyst. It is a most serious 
thing for the traders of a town or county to be at the mercy of 
incompetence or inexperience, and many of tlio ap]>ointment8 
, which were at first made under the Act were so notoriously 
unsuitable, that a great deal of undeserved odium was thrown 
upon tlie whole body of analysts. Lately, however, the “ survival 
of the fittest’* process has been going forward, with the result of 
a great improvement, and one likely to be continuous, more 
especially as the l^ocal Government Board, acting under skilled 
advice, is now very cautious in confirming ap])ointments, and 
insists u]H)n proper qualifications. 

The eleventh section distinctly lays down the principle of combi- 
nation, enacting that the town council of any borough may unite 
with that of any neighbouring borough in appointing an analyst 
jointly ; or the analyst for the county in which the borough is 
situated may act ujx)n arrangement as analyst for their boroiigli. 
TJiose who are practically acquainted with the subject know, 
that it is only in the largest and most populous places in Eng- 
land that any kind of living ciin be made out of a public analy- 
tical appointment. Hence, it follows that an analyst for a small 
]>laoe must either have private means, or that his cliief occupa- 
tion must be of a more remunerative nature ; it is, therefore, 
highly desirable that the analysis of food and drugs should be 
in a few liands only, and that an analyst should hold many 
ajipointments of the same nature. In this Avay, and in this way 
only, will it be possible to have properly fitted laboratories, 
suj)plied with all the expensive apj)iiances of modern research, 
and in this way only will it be possible to improve the processes 
of analysis. It is also a fact, from the very few cases in which 
.an exjKjrienced analyst has to attend as witness, that there would 
be no inconvenience, were all the northern counties to have their 
samples analysed at Sheftield, Manchester, or York ; the western 
and south-western counties at Bristol ; and the rest of England 
at the London laboratories. Probably also the whole of the 
Scotch samples could be dealt with in Glasgow and Edinburgh, 
and the Irish, in like manner, in two of the chief cities. 

§ 44, Section 1 2 of the principal Act provides for the purchase 
of samples by any purchaser for analysis by the })ublic analyst 
for the district in which the purchase is made, on payment to 
such analyst of a sum not exceeding ten shillings and sixpence ; 
or if there is no analyst appointed for the district, to the analyst 
of another place. In this latter case tlie fee appears to be a 
matter of private arrangement, for the words of the Act are — 
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“ such sum as may be agreed upon between such person and the 
analyst.” In either case, the analyst must give a certiheate of 
his results to the purchaser. The purchaser must also i)urchase 
the article in tlie manner directed in Section 14, as will be 
shortly detailed. 

It is evident that, for legal purposes, the official analyst must • 
be employed, and that under the Act no prosecution can be under- 
taken exet^pt on his certificate. Thus, at the Manchester Police 
Court, tlie Milk-Dealers* Protection Society attempted to prose- 
cute on the certificate of a private analyst, but on this technical 
ground alone tlie magistrate dismissed the case.^ 

The author believes that when a purchaser comes to a public 
analyst with a sample of food, and desu'es its analysis under the 
Act, tlie analyst must assume that the conditions of the purchase 
under the fourteenth section have been complied with, and cannot 
refuse to analyse it ; on the other hand, if he is expressly informed 
that the provisions have not been carried out, and monMiver tliat, 
•whatever his certificate may be, tbere is no intention of proceeding 
further, then the analyst may refuse to analyse tlie substance, 
under the Act, and the question of analysis will be a matter of 
private armngement between the jmrcliaser and the analyst ; 
the spirit of the Act being to prevent fraud — not to encourage 
curiosity. 

§ 45. The thirteenth section of the old Act and the third 
section of the amended Act should be read togetber : — 

“Any medical officer of health, inspector of nuisjinces, or 
inspector of weights and measures, or any inspector of a market, 
or any police-constable under the direction and at the cost of tlie 
local authority appointing such officer, inspectoi’, or constable, or 
charged with the ex(;cutiun of this Act, may procure any sample 
of food or drugs, and if he suspect the same to have been sold to 
him contrary to any provision of this Act, shall submit the same, 
to be analysed by the analyst of tlie district or place for which 
he acts ; or if there be no such analyst then acting for such place, 
to the analyst of another place, and such analyst shall, upon 
receiving payment as is provided in the last section, with all 
convenient speed, analyse the same and give a certificate to such 
ofl&cer, wherein he shall specify the result of the analysis.” 

By Section 3 of the amended Act the same individuals “may 
procure at the place of delivery any sample of any milk in course 
of delivery to the purchaser or consignee, in pursuance of any 
qontract for the sale to such purchaser or consignee of such milk.” 

Section 4 of the same Act provides a penalty for refusal to 


Analyst^ 1879, vol. iv., p. 74. 
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submit samples of milk to be taken^ of a sum not exceeding 

£ 10 . 

Section 17 of the principal Act also provides a penalty not 
exceeding £10, for refusal to sell to the persons appointed to 
carry out the Act any article of food or any drug exposed for 
sale, or on sale by retail on any premises, or in any shop or 
stores. The purchaser shall tender the price for the quantity 
which he shall require for the purpose of analysis, not being 
more than shall be reasonably requisite.” 

Any street or place of public resort is held to come within the 
meaning of this section. 

It is perfectly clear from the sections quoted, that if a sample 
be taken of milk in transit, that sample must be taken at the 
place of delivery. If, for example, a milkman is driving his cart 
through Oxford Street, it would not be legal for an inspector to 
stop the cart and require a sample of the milk. The sample 
must be taken at the place where the milk is delivered. This 
may be a house, or it may be a railway-station, or it may be a 
public booth where the milk is sold at so much a glass. 

From the case of Crouch v. Hall recently heard before the 
Court of Queen’s Bench, it is evident that in procuring samples 
at the place of delivery, the inspector need not divide the 
sample. The ciise was briefly as follows : — The inspector was at 
Euston Station, and saw a can of milk taken from the van. He 
accordingly demanded and received a sanude, and treating the 
porter as the agent of the respondent, divided the milk into three 
parts, and gave one of the parts to the porter, telling the latter 
that he intended to have the milk analysed. He took no steps 
to inform either the respondent or the consignee of his intention, 
but on liiiding the milk adulterated with water laid his informa- 
tion. The case was dismissed by the magistrate, and the 
inspector appealed. Mr. Justice Field said that the appeal must 
be allowed. The Court was clearly of opinion that the railway 
porter was not the agent of the respondent within the j)rovi.sions 
of the fourteentli section, nor was he bound to accept a third of the 
sample of the milk, although he would have been liable t(» a penalty 
had he refused to su])ply a sample. The object of the Act was to 
secure to the public a supply of [Hire, unadulterated niilk, and for 
that |»urpose it was liable to seizure at the time of its being sold by 
the seller or his agents, provided that a third of the same sample 
should be tendered to him, so that he might be enabled to have 
an independent analysis to show whether it was adulterated or 
not. But as milk had to be supplied from the country, and it 
was found that a iiai'ilship was often inflicted on the London 
seller, to whom adulterated milk was supplied by farmers, it was 
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enacted by the Amendment Act of 1879, 42 and 43 Viet. c. 30, 
that the inspector should have the power of seizing the milk at 
the place of delivery to the consignee. In this case, although the 
delivery had not been completed, and although the railway 
porter could not be held to be the agent of the consignor, the 
Court was of opinion, that by the Amendment Act the legislature 
did not intend to extend to the consignor that privilege which 
was afforded under the previous Act to the seller, namely, that 
of giving him a third of the sample to enable him to obtain an 
independent analysis. The case was then remitted to the 
magistrate in the usual form. 

§ 46. Section 14 fully details the method to be pursued by any 
purchaser under the Sale of Food and Drugs Act. 

The person purchasing any article with the intention of sub- 
mitting the same to be analysed, shall after the purchase shall 
have been completed, forthwith notify to the seller or his agent 
selling the article, his intention to have the same analysed by the 
public analyst, and shall offer to divide the article into three parts 
to be then and there separated, and each part to be marked and 
sealed up or fastened up, as its nature will permit, and shall if 
required to do so, proceed accordingly, and shall deliver one of 
the parts to the seller or his agent. He shall afterwards retain 
one of the said parts for future comparison, and submit the third 
part, if he deem it right to have the article analysed, to the 
analyst. 

Section 15. If the seller or his agent do not accept the offer of 
the purchaser to divide the article purchased in his presence, 
the analyst receiving the same article for analj^sis shall divide 
the same into two parts, and shall seal or fasten up one of those 
parts, and shall cause it to be delivered, either upon receipt of 
the sample, or when he supplies his certificate to the purchaser, 
who shall retain the same for production, in case proceedings shall ' 
afterwards be taken in the matter. 

In the case of Horde v, Scott, heard in the Queen’s Bench 
division before Justices Lush and Field, on the 4th of May, 
1880, it was made clear that an inspector could appoint a deputy. 
The case was an appeal from a decision of justices in the county 
of Stafford. An inspector under the Act had deputed his 
assistant to purchase a sample of coffee, which was duly divided 
in conformity with the Act, and the analyst certified to its 
adulteration with chicory. The magistrates, however, considered 
that as the proceedings were initiated by the inspector in his 
official capacity, he, having laid the information, and having 
regard to sections 13, 14, and 17 of the Act, should personally 
have purchased the article, and the case was dismissed. This, 
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Mr. Justice Field said, was entirely wrong : — “ It did not signify 
whether the inspector purchased by his own hand or by his 
agent. Then the magistrates had decided, secondly, that 
Sanniel Toy, being the purchaser, should have submitted the 
article to the county analyst ; there again he thouglit the 
' magistrates were wrong. ... If the thing were properly 
analysed, it does not signify through whose hands the article was 
bought.*' 

On the purcliase of an article it is evidently essential to say, 
not only that it is the purchaser’s intention to have it analysed, 
but “ analysed by the public analyst,” care being taken to use 
the exact words of the Act. This objection has been several 
times raised with effect. When a deputy purchases samjiles, 
it would be a mistake for the inspector to appear and seal the 
samples. This had better V)e left to the purchaser, who can 
then immediately, or at any subsequent period, hand the. 
samj)les to the inspector, by whom they should be delivered to 
the analyst. It is obvious that legal j)roof will be required as 
to the proper keeping and delivery of tlie samples. 

It has been argued that the division of the sample into three 
parts means three equal parts ; but there is no direction in the 
Act as to an equal division. At the same time, sliould the 
purchaser leave with the seller, or k(*ep himself an insuffi- 
cient quantity for any furtlier analysis, there would be an 
infringement of the spirit of the Act ; for tlie purpose of the 
division evidently is to provide against any mistake or wrong 
interpretation of facts on the part of the analyst. Should another 
analysis be required, it would not be right that the seller should 
be put at a disadvantage by any marked or great inequality in 
the division of the parts ; hence it will be prudent for purchasers 
to divide the substance into three parts as nearly equal as may 
be, but it is unnecessary to use for tliis purpose balances or 
measures. 

On the seller or his agent not accepting the offer of the pur- 
chaser to divide the sample into three parts, it becomes the duty 
of the analyst to divide it into two pai*ts. There is no direct 
stipulation as to when this is to be done, for the analyst is 
permitted to keep, if he chooses, the whole, until the termination 
of the analysis ; but it is evidently the course most free from 
objection to divide it fiito two a])proximately equal parts 
immediately on receipt of the sample, to seal it in the presence 
of the purchaser, and deliver one of the ]»arts to the purchaser. 

§ 47. Section IG permits articles to be sent by post after being 
duly registered, and the Postmaster-General has made the follow- 
ing regulations witli regard to the transmission of samples:— 
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“Each packet must be addressed accoi’ding tothe ofiicial designation 
of the analyst, as ‘ public analyst, ^or otherwise ; the nature of its con- 
tents must be stated on the front of the packet. Any postmaster, 
at whose office a packet for a public analyst shall be tendered for 
registration, may refuse to accept it for this purpose, unless it be 
packed in so secure a manner as to render it at least unlikely 
that its contents will escape, and injure the correspondence. 
Liquids for analysis shall be contained in stout bottles or blad- 
ders, which shall be enclosed in strong wooden boxes with 
rounded edges — the boxes being covered by stout wrappers of 
paper or cloth, and no such packet shall exceed eight inches in 
length, four in width, or three inches in depth. No packet what- 
ev'er addressed to a public analyst shall exceed the dimensions of 
eighteen inches in length, nine inches in width, or six inches in 
depth. The postage and registration-fee on each packet must bo 
prepaid.” 

As analyst for a distant county, I have had made a large num- 
ber of small wooden boxes for the purpose of transmitting sam- 
ples, and these I have supplied to the inspectors. In this way I 
have received samples of milk, cream, butter, wines, spirits, and 
other matters through the post for the last tliree or four years, and 
no difficulty has been experienced. Tliere are, however, bulky 
matters, such as beer, loaves of bread, ifec., in which the trans- 
mission by post is impossible, and it is a pity that there is not 
some provision to enable such articles to be forwarded by rail. 
The inspector having already secured a sample locally, any 
possible tampering with the article in transit would be easily 
detected. 

§ 48. Section 18 states that the certificate shall be in the form 
set forth in the schedule, or to the like effect. These last few words 
are important, for the analyst thereby is not absolutely confined 
to the certificate in the schedule. Notwithstanding this, it is * 
safer to adhere strictly to the exact form of certificate, and not 
to attempt to modify it in any way. In certifying, the more 
definite the certificate is the better. An analyst having given a 
certificate as follows : — “A sample of coffee was adulterated with 
20 per cent, of vegetable matter, which I believe to be chicory,” 
the magistrate dismissed the case, on the simple ground of “ the 
loose wording of the certificate.” Probably the magistrate was 
wrong, for if the words meant anylSiing at all, they meant 
that the coffee was adulterated with some vegetable ingredient 
that, whatever it was, was not coffee. Nor do I see that it iS 
essential for the analyst to know the exact nature of a substance 
added, so long as ho is perfectly clear that the substance is 
foreign to the article, and not of the nature that the purchaser 
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demanded. It is obvious that coffee may be adulterated by some 
foreign root which no analyst has ever seen or heard of; and it 
would surely be a certiticate to be accepted and adjudicated upon 
if the analyst (under these circumstances) were to certify, “ This 
coffee is adulterated with 20 per cent, of vegetable matter which 
is not colfee, but the exact nature of which is unknown to me,” 
Again, an analyst ccrtilied — “ Practically, all chicory,” and the 
magistrates dismissed the case on the ground of the loose word- 
ing of the certilicate.” Here it is probable that the magistrates 
were right, for such a certificate is neither in the form nor to 
the effect of the certificate appended in the schedule to the Act, 
which plainly implies that where there is adulteration, the 
analyst shall state the percentages of parts. It is true that the 
case might have been adjourned for the attendance of the analyst, 
or the certificate migltt have been amended, but nothing in the 
Act cont(»mplat<>s or provides for any inaccuracy or carelessness 
in drawing out the certificate. 

In the case of any article liable to decomposition, the analyst 
must certify specially as to whether “‘any change, has taken jdace in 
the constUatioii of the article that v)oul<l interfere tmth the analysisf^ 
Milk and butter are specifically mentioned, but the rule would 
evidently apply to all foods preserved in tins, provided the 
tin has been opened. It might also be argued that many other 
substances (such as wine or beer) are liable to decomposition; 
hence, it will be better for the analyst to give this matter rather 
a wide interjiretation, and insert in Jiis certificate the necessary 
words, if called upon to certify in reference to any substance 
that, under any conditions, is liable to decompose. The exact 
words must bo used, for in an appeal heard at the Middlesex 
Sessions, October, 1880, Peart tn Edwards, the analyst certified 
that the milk was fresh when delivered to him, but omitted to 
specify whether “any change had taken place in the constitu- 
tion of the article, so as to interfere with the analysis;” and on 
this ground the assistant-judge quashed the conviction. 

Section 19 provides for the regular quarterly reports of the 
analyst, copies of wliich are to be transmitted to the I.ocal Govern- 
ment Board. If, as in many cases, no work at all 1ms been done 
under the Act, it is evidently the duty of the analyst to send a 
“ nil ” nqjort. 

Section 20 provides for the institution of )>roceedings. The Act 
says — “ The person causing analysis may take proceedings.” He, 
therefore, need not be the actual purchaser ; and it is usual for 
an inspector to take the summons out on behalf of the public 
body for whicli lie acts. 

In all prosecutions under the Act, and notwithstanding the 
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section just quoted, tlie summons must be served within a reason- 
able time, and in the case of a perishable article, c.f/., milk, not 
exceeding twenty-eight daj’^s from the time of the purchase, etc. 
The summons must state the particulars of the olfence or otieiices, 
and also the namd of the prosecutor; and it must not be made 
returnable in less than seven days from the day it is served upon 
the person summoned. 

Section 21 of the principal Act provides that the certificate 
of the analyst shall serve as evidence; therefore, unless speci- 
ally required, he need not attend. If, however, the defendant 
require the analyst to be called as a witness, he will tJien be 
obliged to appear. This request for the analyst to attend may be 
by notice from either the solicitor or the defendant himsolf, or it 
may be by request in court at the first hearing of tlie case, in 
which instance, the case will probably liave to be adjounied. 
Such notice should certainly bo given in writing to the analyst, 
but still it is not advisable to ignore a verbal request. 

§ 49. Section 22 provides for a part of the sample, or samples, 
to be analysed at Somerset House, in case of any dispute as to 
the correctness of tlie analysis. I'he public analysts wore much 
opposed at first to the reference of their work to tlie laboratcuy 
at Somerset House, but it must be confessed that hitherto the 
clause has worked fairly well; and although mistakes at the 
Somerset House Laboratory may and perhaps do occur, tlie work 
appears to be done there with the greatest care and conscientious- 
ness. Defendants, notwitli standing this clause, are very fond (»f 
employing private analysts for the defence: certainly a most 
unwise proceeding, for if the analysis is disputed, power is given 
under the Act to refer the matter to a laboratory, wliich, from 
the very nature of its constitution, will bo perfectly impartial, 
and the certificate of which will be admitted as evidence. 

Section 23 jirovides for an appeal to Quarter Sessions. 

Section 25 gives the opportunity to the defendant to prove by 
written warranty, “ that he had no reason to believe at the time 
when he sold it that the article was otherwise than of the nature, 
quality, &c., demanded; that ho sold it in the same state as when 
he purchased it.” On proof of this, the defendant may be dis- 
charged from the prosecution, but he will have to pay costs, 
unless he has given notice to the prosecutor that he will adopt 
this line of defence. 

In the case of Rook v. Hopley, it was decided that an invoice 
containing a description of an article sold to a retail dealer m 
not such a written warranty as is reqiiired by Section 25 ; and a 
retail dealer who sells an adulterated article in the same state 
as he purchased it will not, by virtue of such a document, be 
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entitled to be discharged on being summoned before a magis- 
trate. 

Section 26 provides for the payment of penalties recovered, to 
the authority, for the purpose of defraying the expenses of the 
Act, 

Section 27 has stringent clauses relative to persons convicted 
of forging warranties, wilfully applying a certificate or warranty 
of an article of food or drug to any other article of food or drug, 
th(i giving of a false warranty, and wilfully giving a label falsely 
describing the article sold. 

This latter clause of the section — viz., ^‘Every person who shall 
wilfully give a label with any article sold by him, which sliall 
falsely describe the article sold, shall be guilty of an olleiice under 
tliis Act,” tfec. — would apply to a great many cases of adultera- 
tioti in which the article is wrongly described by label; but it is 
evident that guilty knowledge must be proved, for the word 
“ wilfully” presupposes guilty knowledge. In most cases, unless 
the actual manufacturer were summoned, ignorance would be 
l)lcaded. 

Section 28 provides tliat nothing in the Act shall affect the power 
of proceeding by indictment, or take away any other remedy 
against any offender under the Act, or in any way interfere with 
contracts and bargains between individuals, and the rights and 
remedies belonging thereto, provided that in any action brought 
by any person for a breacli of contract on the sale of any article 
of food or any drug, such person may recover alone, or in addition 
to any other damages recoverable by him, the amount of any 
penalty in which he may have he\m convicted under this Act, 
together with the costs paid by him upon such conviction, and 
those incurred by him in and about his defence thereto, if he 
prove that the article or drug, the subject of such conviction, was 
sold to him as and for an article or drug of the same nature, sub- 
stance, and quality as that which w-as demanded of him, and that 
he purchased it not knowing it to be otherwise, and afterwards 
sold it in the same state in which he purchased it — the defendant, 
in such action, being nevertlioless at liberty to prove that the 
conviction w^as wrongful, or that the amount of costs awarded or 
claimed was uni'easoimble. 

The 30th section of the Act provides for the examination of 
tea on importation. 

The effect of this examination has been so good that adulterated 
'tea, in comparison vrith i^e period before the Act, has decreased 
in a very marked degree. 
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VIL— THE DUTY OP THE INSPECTOR, OR 
PURCHASER UNDER THE ACT. 

§ 50. It will be the duty of the inspectors appointed under the 
Act by the local authority employing them, to take and submit 
samples from time to time to the public analyst, and it will 
greatly depend on their intelligence and activity whether the 
Act will be carried out properly or not. 

An active inspector, if he is not known when he commences 
the work, will soon become so, and it will be necessary to employ, 
as a rule, deputies. The deputies, it is hardly necessary to state, 
should not be children, but intelligent adults of either sex, and 
they should be carefully instructed in the “ purcliase clauses” of 
the Act, and taught how to seal and properly divide the samples 
purchased. It will be necessary for the official purcliaser to 
carry with him all materials for properly labelling and sealing 
samples. A convenient bag with bottles, jars, wrapping |>aper, 
wax' tapers, matches, sealing-wax, and an official seal, will 
therefore be essential. 

The sample should not be divided, nor any declaration made 
until the sale is absolutely complete and the sample in pos- 
session of the inspector ; when that is the case, the exact words 
of the Act must be used, and he must say, “ I have Ixaiglit thi.s 
for the purpose of having it analysed by the pvhlic anal//sf/* and 
then he must oiler to divide it into three parts, whieik In' will at 
once proceed to do, unless the seller decline to take ail va ntage of 
the offer ; in that case the purchaser will take the wiiole to the 
analyst. 

The purchaser must carefully note any declaration wijich the 
seller may make with regard to the article, and especially wliether 
such declaration is made before or after the completion of sale. 

The division of the sample must be as equal as possible, and 
the parts must V>e very carefully sealed. In sealing bottles, tlie 
cork should be driven in flush wdth the surface of the neck, and 
the seal not only ]>laced on the top of the cork, but carrietl round 
on to the neck itself, so as to render it impossible for a knife 
to be inserted under the wax and the cork removed without 
breaking the seal. A label identical in wording and mumber 
must be affixed to each division of the same sample, in the case 
of butter and substances which cannot be put into corkt'd bottles, 
the best method is to wrap the substance, or jar containing the* 
substance, in paper, and put several seals on the paper in such a 
way that it is impossible for the packet to be tampered with. 

The inspector ^ould always carry a copy of the Act with him. 



§ 60.] THE DUTY OP THE IKSFECTQB. §3 

and in case of a refusal to sell, he should then present his card; 
or declare that he is an inspector duly appointed to caiTy out 
the Act, and call the attention of the seller to Section 17, and 
tender the price of the article sold. If the seller still refuses to 
sell, thou tlie purchaser evidently has a case under the Act, and 
should proceed accordingly. 

^ * The official purchaser should not select to the exclusion of 
others the poorest shops, but take samples as equally as possible. 

The purchase of samjiles need not be effected in an officious 
manner, nor is it just, for example, to enter a shop when full of 
people, and with ostentation buy and divide the sample before 
the customers, for an injury may thus be done to an honest 
tradesman ; the people in the shop might naturally think, in 
such a case, that the tradesman’s goods were ‘H lungs suspect,” 
There are indeed always two ways of doing a thing, arid a little 
politeness and civility will in no way interfere with the execution 
of duty, or the carrying out of the Act. 

The official ])arcliaser will probably be abused occasionally in 
no measured terms, but he must endeavour to keep his temper, 
and it is advisable to say as little as possible, and not to retort 
in any way. The sample retained by the purchaser must be 
locked up in a drawer or jdaco to which no one else could have 
access without the key. 

Inspectors should from time to time consult the analyst as to 
what samjdes would be advisable to take for analysis. There 
are many substances — e,g,^ white sugar — which are so seldom 
adulterated that it is scarcely worth while ol)taining samples of 
such, unless there has been some information laid relative to 
their quality. 

In taking samples of milk in the street, as beffore stated (p. 56), 
it is of no use for the inspector to stop the milk-seller while 
actually carrying his cans from door to door, but he must buy it 
at a place of delivery; for example, he could not take a sample from 
an itinerant miik-seller legally wdiilo the milk-seller was going 
from one door to another, but directly the milk-seller stops at any 
door, ho may then demand a sample and tender the nj<mey for 
it, because tlum the milk is being delivered. He may also go to 
a railway station, and tiike samples of milk from the cans 
themselves ; in the latter case, it does not ap])ear necessary 
to divide the sample into throe parts, but the analyst will be 
obliged to divide it into two, and give the inspector one. 
(See p. 57.) 
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A DESCRIPTION OP A PEW SPECIAL FORMS OP 
APPARATUS USEFUL IN FOOD-ANALYSIS. 

^ § 51. As stated in the first edition of this work^ it is no part 
of the author’s plan to describe the elementary apparatus to be 
found in every text-book, and to be seen in every laboratory. 
Notwithstanding, it will be convenient here to give a brief 
notice of some special forms of apparatus useful in food-analysis, 
which are not figured or described in other works. 


APPARATUS FOR THE TREATMENT OF SUBSTANCES BY 
VARIOUS SOLVENTS, 

It is a matter of some moment to economise alcoholic and 
ethereal solvents, and it is always advantageous 
to keep a laboratory as free as possible from 
vapours and odours. Where a solid has to be 
exhausted by ether or petroleum, one can scarcely 
imagine anything more convenient than the ap- 
paratus invented by Soxhlet, and proposed by him 
for the purpose of treating milk solids with ether, 
but in point of fact widely applicable. It consists 
of a glass tube (fig. 1), the size of which is per- 
fectly under control, and may be made very large 
or very small, according to individual requix-e- 
ments. For the purpose of milk analysis a 
capacity of 100 cc. is ample. The tube is quite 
closed at the bottom, A ; the volatile vapours 
ascend through the tube D, and are condensed in 
an upright condenser attached to A ; the liquid, 
therefore, falls drop by drop on to the substance 
at A. When the condensed liquid reaches X, 
the syphon BB acts, and the whole of the liquid 
runs into the flask. The apparatus woi'ks quite 
automatically, and scarcely any ether is lost, how- 
ever long the opei*ation may last. 

Clausnizer has modified this apparatus for small 
quantities of substances (fig. 2). D is a tube drawn out pipette-like^' 
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J is an inner tube made so as to slip easily into tlio outer one^ and 
pulled out in the blowpipe flame into a long, almost capillary stem, 
which is then bent up into a syphon, and terminates in the flask, 
being made a little longer than the dmwn-out portion of D. The 
mode of action is precisely similar to that just described. The 
volatile TOpour escapes between the two tubes, until it roaches 
the upright condenser; it is then condensed, and falls 
in drops on the substance in the inner tube ; and 
when the bend of the syphon is leached, the little 
tube is at once emptied of the saturated solvent, < 
and the process commences again. 

Another method is as follows (see fig. 3); — Take a 
|j I'D flask with a wide neck, fit a small short test-tube, T, into 
” a cork that will go tightly down into 

the neck of the flask ; cut two or three 
notches in the cork, as shown in the 
figure. The ether or other solvent 
continually drops on to the substance 
in the tube, and when the tube is full, 
runs over into the flask, and thus the 
substance is at length exhausted. 
Similarly, any little apparatus may 
be suspended from the cork by means 
of a wire ; or, lastly, a little tube may 
be supported from the bottom by 
means of a platinum wire-support fused 
into the flask. 

In the Extraction of Liquids by 
ether, petroleum, &c. the author has found the following ap- 
j>aratuB absolutely indispensable, when it is necessary to make, 
by this means, any quantitative estimations (fig. 4) : A is a tube 
of any dimensions most convenient to the analyst. Ordinary 
burette size will perhap,^ be the most suitable for routine work ; 
the tube is furnished with a stopcock and bent tube B, the tube 
A having a very small but not quite capillary bore. The lower 
end is attached to a length of pressure tubing, and is connected 
with a small reservoir of mercury, moving up and down by means 
of a pulley. 

To use the apparatus : Fill the tube with mercury by opening 
the clamp at H, and the stopcock at B, and raising the reservoir 
tintil the mercury, if allowed, would flow out of the beak. Now, 
the beak is dipped into the liquid to be extracted with the solvent,, 
and by lowering the reservoir, a strong vacuum is created, which 
draws the liquid into the tube ; in the same way the ether is 
made to follow. Should the liquid be so thick that it is not 
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}K)S 8 ible to get it in by means of suction, the lower end of tlie tube 
is disconnected, and the syrupy mass worked in through the 
wide end. When the etlier has been sucked into the apparatus, 
it is emptied of mercury by lowering the reservoir, and then 
firmly clamped at H, and the stop- 

* cock also closed. The tube may now 
be shaken, and then allowed to stand 
for the liquids to separate. When 

^here is a good line of demarcation, 

Dy raising the reservoir after open- 
ing the clamp and stopcock, the whole 
of the light solvent can be run out 
of the tube into a flask or beaker, 
and recovered by distillation. 

For heavy solvents (such as chloro- 
form), whicli sink to the bottom, 
a simple burette with a fine (ixit 
tube is preferable ; but for petro- 
leum ether, ordinary ether, <fec., 
tlie apparatus figured is extremely 
useful. 

When it is necessary to treat 
substances in ojien dishes with 
volatile solvents, the author uses 
the following apparatus (see fig. 5), 
which, since the first description 
of it in the Chemical Societi/s 
Journal^* is to be found in most 
laboratories. 

The principle of the arrangement 
is simply this, that it converts au[ 

• ordinary dish into a closed vessel, 4 ^ 

so that ether and volatile liquids 

may be boiled without loss ; or, on the other hand, a volatile 
liquid may be distilled and recovered with as much ease as in 
ojicrating wdth a retort. 

The essential part of the appamtus consists of a cast-iron body, 
R, externally drum-shaped, and liaving a deep groove, A, in 
wiiich a little mercury or other sealing liquid is placed. 
Into this groove tits a bell-jar, B, and the part marked D is 
hollowed out for the reception of a dish. The size of the dish is 
quite indifferent ; any dish will do, so long as it is not too large 

* A new and simple Apparatus for the treatment of substances in open 
dishes by volatile solvents. By A. Wynter Blyth, Jowiu Vhan. Soc. , 
March, 1880. 
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for tlie bell-jar to cover. The neck of the bell-jar is attached to 
a Liebig’s condenser. Should a substance require exhaustion with 
f~i the solvent, the Liebig is jdaced in an upright 

7T position ; should an evaporation or distillation 

B be required, tlie condenser is placed in the 

A usual slanting position, and in this way all the 
I I* liquid evaporated is saved. As a matter of 

I w I convenience it is well to have a pair of these 

appamtuscs in a laboratory, one with an^ 
b 1 ° H upright, the other with a slant condenser.* 

Fiif. 5. § 52. The Spired Balance . — A spu*al balance, 

proposed and used some years ago by Professor Jolly t (fig. 6), has 
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been modified and improved by Mr. C. F. Cross,* and as now con- 
structed is a cheap, accurate instrument, which should find a place 
in every laboratory, since, for weights up to three or four grammes, 
its indications are rapid and independent of barometric correction, 
in short, the ‘‘absolute weight” is obtained. Thespiral is suspended 
by means of a binding screw, a, to the upright, C, sliding freely 
up and down the hollow tripod stand, A. The height of this 
sliding upright is adjustable by a screw, and from the spiral is 
suspended, by tliree very thin platinum wires, a mica plate, P; 
and from the centre of this again, a smooth, thin, metal plate, 
which is immersed in water, the immersion serving to steady 
the whole and rapidly bring the index to equilibrium ; an opaque 
glass bead is at and there is a millim^jtre mirror scale on A. 
Tlio bead acts as an index, and its position relative to the scale is 
ascertained by bringing the eye to that level which makes the 
bead, m, exactly cover its imago on the scale. To make an obser- 
vation, the bead is brought either to the zero of the scale, or to a 
point sufficiently liigh to allow of the elongation to be followed 
on the scale. The calculation required, whether for actual 
weight or for the specific gravity of a solid or liquid, is suffi- 
ciently evident from the following examples given by Professor 
Jolly in his original paper : — 

(a.) Determination of original weight, the spiral consisted of 
30 turns of piano-wire, No. 6 — 

Original reading of wt , , . .2 *5 
With a load of I grm., • . . 3747 
With the object to be weighed, . 21 3 '6 

The absolute weight of the latter is, .-7 “0 '567l 

with the probable error in the fourth place of decimals. 

, (6.) Determination of specific gravity of a solid — 


Original reading of . 

Ix>ailed with a crystal placed in pan P, . 
Loaded with a crystal placed in pan S, • 

Si«citic srravity = - Absolute weight ^ 
Loss of weight lu water 


G4-2 
275-3 
220 8 


275-3™ 64*2 
275-3 -‘^20*8 


==3 8311 


with the probable error in the second place of decimals. 

When the specific gravity of a liquid is to bo determined, the 
lower pan S is removed, and replaced by a small cylinder of 
glass of about 1 cc. capacity. The loss of weight experienced on 
submerging the latter beneath the surfaces of the respective 


* C. F. Cross, CJtem, News^ Aug. 25, 1881. 
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liquids is expressed in scale divisions, as in the preceding 
instances, and the quotients of such numbers are the relative 
weights. 

§ 53. Vacuum Processes . — There are a variety of analytical 
operations, especially those employed in toxicological and food 
chemistry, which for their proper performance require an efficient 
vacuum. A short time ago the Sprengel pump was generally 
employed for this purpose, and, indeed, is so now. Obtaining a 
%"acuum by the Sprengel pump, however, in large retorts or large 
hasks is a most tedious operation, and as a technical process 
vacuum working with a Sprengel would, become impossible. The 
author, therefore, uses the same instrument wliich is employed 
by the Swan Electric Light Company to exhaust the globes for 
the thread of incandescent carbon. This pump — the patent 
mercury pump of Mr, Lane Fox — tlie author has modified 
slightly, and with these modifications it is now adapted for every 
species of laboratory work. The pump (see fig. 7) consists of 
a glass tube, AA, with a large bulb, B, and a thistle-head, C, 
in which a ground stopper, F, is fitted, and the whohj made 
tight by a little mercury in C. When gas has to be collected, 
F is replaced l)y the apparatus SS', which consists of thick- 
walled capillaiy tubing, having eitlier India-rubber pressure 
tubing at S', with a damp, or a glass stopcock at S'. The side 
tube, G, is provided with a glass stopper-float, I, ground accur- 
ately into X. It allows air or gas to go in the direction of the 
arrows only, any back pressure carrying up the mercury, and 
floating and firmly fixing the float into X. In the glass cup, 
Z, is ground a stopper of angle tubing, with which the apparatus 
it is intended to exhaust is connected. To work the pump the 
stopper is taken out of C, ami the mercury reservoir, A, i.s raised 
until the globe is filled and mercury rises into C. At this moment 
the stopper is inserted and the reservoir lowered to the ground ; * 
this causes a vacuum in the apparatus, and air-bubbles pass into 
B in the course of the arrows, and collect in the globe. By now 
raising the reservoir, and at the proper moment loosening the 
stopper, the air is expelled ; on closing the stopper and again 
lowering, a fresh quantity of air escapes into B, and so on until 
a perfect vacuum is obtained. A very large retort may be 
exhausted by working the reservoir up and down about a dozen 
times, while smaller vessels are made vacuous in three minutes. 
In collecting gas, as, for example, nitrogen and carbon dioxi<le in 
an organic analysis, the stopper F is replaced by the tube SSTV 
By dipping the end of the tube P into the mercury trough, 
having the clamp or stopcock open, and lowering the reservoir, 
the capillaiy thread is readily filled witli mercury, and the 
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mercury retained by closing the stopcock. When the combustion 
tube is vacuous, the beak of the tube is inserted under the 
eudiometer (or whatever special gas apparatus the analyst has), 
and the combustion tube made red-liot in the usxial way, the gas 
being readily pumped out and delivered into the eudiometer. 
'The purposes to which such an instrument are applicable are so 
very various as to render it absolutely necessary in all labora- 
tories. 


THE MICROSCOPE, THE SPECTROSCOPE, AXD THE ART OP" 

PHOTOGRAPHY AS APPLIED TO THE CHEMISTRY OF FOOD, 

§ 54. — There are so many special works describing the micro- 
scope* that it will be quite unnecessary to burden the pages of 
til is book with information so readily accessible. The chemist, 
as a rule, will find a binocular most suitable for his puF[>ose, for 
it is only with a binocular that it is possible to have a really 
good view of crystals. Besides, the instiniment is so readily 
converted into a monocular, that it possesses the advantages of 
the latter combined with its own. P^or certain branches of re- 
search, and more especially for observing reactions under the 
microscope, the inverted microscope of l5r L. Smith, of Merton 
College (or those of similar pattern), by which the object glass is 
jdaccd below the substance to be examined, has this advantage, 
that it is possible without injury to the instrument, and without 
being annoyed by acitl fumes, to treat substances under observa- 
tion with strong acids, even at a boiling temperature. 

The analytical student will require to familiarise himself with 
the use of the micrometer and the polariscope. The most suit- 
able micrometer for tlie measurement of starches and similar 
substances, is what is called an eye])iece micrometer. A glass, 
ruled, either in squares, or as a simple scale, is placed between 
the eye and field pieces so that both the object magnitiod and 
the scale are seen clearly at one and the same time. In 
order to find the value of the divisions of the eye micrometer, it 
is necessary, in the first place, to determine them by noting how 
many divisions correspond with one or more of a slip of ruled 
glass placed on tlie stage, and containing divisions equalling the 
hundredths of an inch, or any other convenient measurement. 

* The last edition of Dr. Beale’s work on the microscope gives a vast 
amount of information. Sec also Dr. Carpenter’s treatise, the jwpular 
work of Mr. Jabez Hogg, &c., &c. 
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Suppose, for example, that it is found that one-hundreth of an 
inch on the stage when measured by the eyepiece required 18 
of the eyepiece divisions, then it is obvious that each one of the 
divisions is of ^ or j therefore, any object 

that measured, say four divisions, would be 4 x ^ tsVoj 

would measure the one four hundred and fiftieth of an inch. 
There is another method of measurement which is extremely 
accurate and applicable to all cases; this is, to take a micro- 
photograph of the subject, and to photograph a glass with suitable 
ruled divisions, with the same arrangements and with the same 
powers ; afterwards a measurement with ordinary compasses can, 
with great ease and convenience, be made. 

Chemical reactions, under the microscope, are either observed 
in shallow cells ground in the glass slide itself, or simply on the 
ordinary fiat slide, or, as is sometimes convenient, in almost 
capillary tubes with flattened sides, the microscope being in a 
hoi'izontal position. Reactions, as a rule, should be observed 
with only a moderate magnifying power. It is quite possible to 
execute, on a very small amount of material, a complete qualita- 
tive analysis on the stage of the microscope, mixing with drops 
of the solution under observation, droplets of the ordinary test 
solutions, such as sulphuretted hydrogen s- prater, ammonium 
sulphide, ammonia, oxalic acid, sodio phosphate etc. Dr. Beale 
lias recommended glycerine to he used instead of. water for tliese 
reactions, and he states that although the reactions are slower, 
yet that they are more perfect.* The method of subliming 
alkaloids, and its important bearing in the determination of the 
nature of substances in tea or coflTec, is described in the article 
on “Tea,” together with the microscopic appearance of the ash of 
various leaves, and the method of obtaining “ skeleton ashes.” 

In cutting sections of seeds, leaves, &c., no difficulty is ex- 
perienced when they are in the entire state, nor are any special 
instruments required save a sharp razor, for with a little practice 
sections quite as fine as those it is possible to cut by a section- 
cutting machine, can be made with a razor. It is, however, quite 
diflferent with such matters as tea leaves which have been dried 
and crumpled, or seeds in the state of powder. Here consider- 
able diflSculty may be experienced, and it is often not possible to 
get a section at all satisfactory of any given dark microscopic 
particle. The author has had tolerably fair results by sprinkling 
opaque powders on a piece of smooth wood, and embedding the 
powders in a tenacious glue. When the cement has set, there is no 
diflSculty in getting sections. Similarly, the known processes for 

* “How to Work with the Microscope.” London, 1880. 
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embedding soft substances answer well with tea. A simple 
method is also to gum the leaf, or fragment of leaf, on to a solid 
substance, and tlien horizontal sections can be obtained. Some- 
times scraping a leaf in the same manner as wlien a blot is being 
erased from paper, brings away very beautiful pieces of the 
epidermis and stomata. Sections of leaves are easily obtained 
by placing the leaf between two pieces of cork, pressing them 
well togetlier, and then cutting the finest possible layers with a 
sharp razor. In all these cases the razor should be wet with 
some fluid, citlier water or (which is for the most part better) 
glycerine, a little diluted. The section floats on the water, and 
may be transferred to a dish of dilute glycerine. It is well to 
cut a great number of sections in this way, and select the most 
transparent from the dish for microscopic examination. The 
authors new metliod of observing and preparing leaves is 
described in the article on “ Tea.’’ 

§ 55. Micro- Spectroscope , — The micro-spectroscope bids fair to 
become a leading instrument in food-analysis,* more especially 
since tlie introduction of so many artificial colouring materials. 
Fig. 8 shows its vgjeiotis * parts. An eyepiece fits into the 



Fig. 8. 

* The best micro-spectroscope is that known under the name of the 
“ Sorby 'Browning ” micro-spectroscope. 
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microscope tube, having the upper lens made achromatic ; at the 
focal point of this lens is fixed a narrow slit. A small rectangular 
prism is fixed so as to extend over about one-half of the slit, 
and reflect the light coming through an apei*ture. In the stage 
attached to tlie side of the eyepiece, the other lialf of the slit 
transmits the light, jjassing up the main body of the microscope* 
through the ordinary object glass. 

When all is properly arranged and illuminated, in looking 
through the lens a narrow line of light is seen, one-half the 
length of which has passed through an object placed on the stage 
of the microscope, and the other half through any other placed 
on the side stage attached to the eyepiece of the j)rism ; and 
if the prism has been properly adjusted, these two portions 
should appear perfectly continuous, without any break at their 
junction ; but if not properly adjusted the line appears broken, 
and would then give false results if the spectra w'cre compared 
together. The analysing prism is compound, and fits over tiie 
eyepiece like a long cap. It consists of two rectangular ]>risnis 
of crown glass, and two others with angles of 75“, a combinatit)n 
which gives direct vision, 

B is a milled head adjusting the focus of the eye lens (fig. 8); 
C is a milled head for adjusting the slit vertically; H for adjusting 
the breadth of the slit; D,D are springs for holding a small tube; 
K is for the purpose of regulating the slit of the second spectrum ; 
F is the jjosition of the field lens of the eyepiece; G is a tubt‘ 
which fits on the microscoj^e. The pi-isms give that amount of 
dispersion which is admirably fitted for the purposes to which 
this instrument is applied, and is in itself sufficient to divide tlio 
absorption-bands seen in coloured solids and liquids, wliile it is 
not so great as to spread them over too wide a s{)ace, and mak(; 
them obscure, as is the case wdien the dispersion is groat. Since 
the light wliich passes through the opening does not extend 
over the same surface as that which passes through the object 
^lass, it would be far too bright unless modified by means of a 
small shutter, opening and closing with a screw. In each case 
this can easily be adjusted so that the light from the two sources 
is equal, or may be made to vary for some special purpose ; there 
is also a contrivance, so tliat when very small objects are ex- 
amined no light sliall pass except that which has come through 
them. {Sorby.) 

Recent improvements have been made by Mr. Sorby and Mr. 
Browning, by which every line or band in the spectrum, when 
being measured, is brought into the centre of the field of view ; 
the jaws of the slit open equally, so that, whatever their width 
may be, the zero remains unchanged. The micrometer is self- 
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registering, and the whole turns of the micrometer screw, as well 
as fractional parts, can be read off at the same time by inspection. 
The instrument may also be used for opaque as well as trans- 
parent objects, and two spectra can be compared at the same 
time with one lamp. Moreover, the spectrum of the smallest 
object, or a particular part of any object, may be obtained with- 
out difficulty. Mr. Sorby’s method of measurement is of the 
most accurate description. He uses an apparatus giving an inter- 
ference spectrum, divided by black bands, all of equal optical 
value. Tlie apparatus is composed of two Nicol’s prisms, with 
an intervening plate of quartz, about -043 inch quick thick, cut 
parallel to the principal axis of the crystal, the thickness being 
so adjusted witli the sodium line that the sodium line is exactly 
at 3*5, counting the bands from the red end towards the blue. 
He makes use of the following symbols to express the intensity 
of absorption : — 

Not at all shaded. Blank space. 

Very slightly shaded, . ... . Dots wide apart. 

Decidedly shaded, .... Dots closer. 

More shaded, .... Dots very close. 

Strongly shaded, but so that a 

trace of colour is seen, - • - Three hyphens close. 

Still darker, — Single dash. 

Nearly black, Double dash. 

Definite narrow absorption-bands are indicated by ♦ printed over 
their centre. It is assumed that there is a gradual shading off 
from one tint to the other, unless the contrary is expressed, 
which is done by means of a small vertical line, as in the follow- 
ing example : — 

Normal chlorophyll in alcohol (deep green), 

i -1 2| - - - . . . . 44 6J . 74 

Nothing could be more accurate than Mr. Sorby’s method 
of measurement, and for the actual worker his system of notation 
will also be found most convenient. For the purpose, however, 
of graphical illustration, VogeFs”* method is preferable, and it 
has been used in this work to delineate various coloured siicctra. 
The system may be at once understood by reference to the 
diagram (fig. 12). The amount of absorption is shown by curves. 
Where the curve is highest, there the band is blackest; where it is 
lowest or absent, the least absorption is present. There is no 
doubt that the most permanently useful way to express spectra, 
whether absorption or spark, would be by wave lengths. Then, 

* Hermazm Vogel : ^^Prakiiache Spectral Analyse,'* Nordlingen, 1877. 
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however the scales of different spectroscopes might differ (and 
scarcely two will give the same values), still the results would be 
the same for all spectroscopes. The following values of wave 
lengths are suff cient for absorption spectra : — 


MILLIONTHS. 


A. 760-4 

B. 686*7 

C. 656-2 

D. 5S9 2 

E. 526*9 


P. 486*0 

G. 480-7 

H. 396 8 
H. 393*3 


By constructing a diagram similar to the following one, 
10 90 80 40 so so 70 so so 100 



Pig. 9, 

only many times larger, having the values of the sTcale marked 
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at the top, and intersected by the lines giving wave lengths, 
and then determining the exact position of Fraunhofer’s 
lines on the scale, and marking them by crosses on the chart 
as in the diagram, and lastly,, joining the i>oints in a uniform 
curve, it is possible to get very simply the wave lengths of 
every portion of the scale. The more uniform the curve, the 
^eater the number of lines determined ; and the larger the 
chart, the more accurate are the values. Supposing the centre 
of an absorption-band to be at 10 on the scale : on referring to 



the diagram the curve at 10 is exactly cut by the liorizontal 
line 660, therefore, the wave length would be 660, and so on. 
It will be necessary to measure in all cases the middle of the 
absorption-band, or the middle of the spark line. 

§ 56. Tlie ordinary spark ” spectroscope is not quite so useful 
to the food-analyst as the micro-spectroscope just described. It 
will, however, probably be more used when the ash-constituents 
of food have been thoroughly and scientifically worked out. A 
very careful search after the rarer metals and elements in the ash- 
constituents of plants would, in all probability, be rewarded with 
the discovery of — if not new elements — yet of the wide dispersion 
of the elements that are presumed not to be widely disseminated. 
The spectroscope in general laboratory use has only been applied 
to the diagnosis of potash, lithium, copper, barium, strontium, 
and a few other flame spectra easily obtained without the aid of 
electricity; but the interesting and convenient method of examina- 
tion introduced by Lecocq de Boisboudran has made spark spectra 
so very easy to be obtain^ by any one who has a battery, and a 
KuhmkolT coil capable of giving a good spark, that there is no 
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reason why au examination of the spark spectra of a body should 
not become the daily matter-of-course process in all laboratories, 
and not be restricted to pure scientific inquiry. Boisboudran’s 
method is sim})ly to pass the spark through a solution of the 
substance to be examined, and for this purpose the following 
apparatus can be constructed out of the ordinary apparatus of the 
laboratory (fig. 10). 

A Woulfe's bottle is fitted with two good Indiarrubber corks. 
In the one a stout glass rod is placed, bent at right angles, 
serving as a support for a glass tube, through which the wire 
of the negative i)ole projects ; the other neck carries a little test- 
tube with the wire which comes up through the cork, and 
the test-tube supports a still smaller one, capable of holding 
a very small quantity of the liquid to be examined ; the wire 
is fused into the bottom of this tube, and terminates a little 
below the mouth. Over the wire there is a minute tube, some- 
what funnel-shaped at the end, which prevents the spark flying 
to the side of the test-tube ; in the larger tube there is a little 
mercury to ensure contact. One effect of this arrangement is 
that the lower pole has always a thin film of the liquid over its 
surface, and on passing the current the spark volatilises the 
substances in solution, and their characteristic spectra are easily 
observed. 

There are methods of quantitative spectrum analysis proposed 
by Yierordt and others ; but, as yet, they arc not sufficiently 
practical for general use, and the subject requires fresh develop- 
ments. 

§ 57. PJiotography, — The introduction of dry plates and the 
general simplification of photography will, in a very little time, 
make its practice general in all the larger laboratories for pur- 
poses of registration. In important analyses, likely to entail 
evidence in the higher courts of justice, it might be useful (and 
will always be possible) to photograph certain analytical results. 

In the quantitative determination of mixtures of starches, a 
micro-photograph of the mixed starch and the “ imitation ” mix- 
tures, renders the counting of the number of starches in the field 
a very easy operation. Similarly, if a measurement of any object 
be required, a micro-photograph having been taken, and next a 
photograph of the stage micrometer with the same powers, the 
object may be measured more easily than in the ordinary way. 
It is also most useful for the analyst to have by him, in this way, 
a series of “ picture records ” for reference. Stein’s photographic 
microscope,* when the object is not to make pretty pictures, nor 

* Doe L\cht im Diemte wiaaensduifUkher Forachung, Von Dr. Th. Stein, 
Leipzic, 1877. 
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to use high powers, is excellent. It merely consists (see fig. 11 ) of 
a conical tube, turned out of boxwood, and fastened on to the 
microscope tube by means of a screw, h. Combined with this 
funnel tube is a wooden tray, in which the frame, c/,/, y, easily 
slides backwards and forwards. Thin panes of glass are let in 
.the cassette into this frame. Whilst the image is being adjusted, 
the thin glass, stands over the tube, and the prepared plate 
is put under the little cover at /. If the picture is well defined, 
the frame, c, r/, <7,/, is pushed into the tray, so that tlio part, 
can stand over the microscope tube, and by a simjde arrangement 
the photographic plate can be exposed. Direct sunshine will, in 
most cases, be necessary, and the rays should be transmitted 
through a cell containing the ammonia-siilphate of copper. 

If, however, it is desii ed to photogi'apli with high powers, the 
plan recommended and employed by Dr. Woodward, of the Avniy 
Medical Museum, Washington, is perhaps the best. The cameni 
box and table are both dispensed with, and the operating room 
itself is converted into a camera. A room is selected having a 
southern aspect; the window is provided with shutters on the 
inside to exclude light, sufficient being admitted through one or two* 
yellow paries to enable the operator to move about freely ; a small 
yellow pane is also let into one of the window-shuttei\s to enable 
tlie operator to watch tho face of the sky. The microscope is 
placed horizontally, and a heliostat outside the window throws 
tlie direct rays of the sun on to the mirror. The frame of the 
plate-holder runs on an iron track, ten feet long, and laid on the 
floor at right angles to the plane of the window. There are most 
ingenious arrangements for working, although at a distance, the 
tine adjustment of the microscope; the sun’s rays pass through a 
solution of the araraonia-sulphate of copper.* The fixing of the 
picture upon the plates, the method of printing from the nega- 
tives, &c., are all extremely* simple operations (especially to those 
accustomed to chemical manipulations), and are well described 
in standard treatises on photography. 

§ 58. Colour , — It will often be necessary to ascertain the exact 
colouring-matter used to make articles of food attractive, more 
especially confectionery, jellies, pickles, <fec. The question Avill 
generally resolve itself into deciding as to whether the colour is 
harmless or poisonous, and, if the latter, whether the poison is iu 
sufficient quantity to injure the consumer’s health. The poison- 
ous colouring-matters are those containing lead, copper, arsenic, 
chromium, and zinc, all of mineral origin ; together with a few 

* The whole arrangement is figured and described in Dr. Beide’s work on 
die microscope. 
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injurious organic colouring substances, such as gamboge and 
picric acid. The non -poisonous colouring-matters are tlie various 
aniline colours, so long as they are pure, ami contain no arsenic — 
salfron, turmeric, annatto, chlorophyll, and generally (with some 
exceptions) all organic colours obtained from the vegetable and 
animal kingdoms. 

The first tiling for the analyst to asajrtain is wliether the 
colouring material is insoluble or soluble in w'ater, for, as a rule, 
with the exception of gamboge, the harmless colours are soluble, 
while the minei'al are insoluble in water. The organic colours 
are also bleached by a solution of hypochlorite of soda. The 
aniline colours are soluble in alcohol. 

The search for poisonous matters more proj>er]y belongs to, and 
is treated of, in the set?ond volume of this work. With the ex- 
ce[)tion of salts of lead and copper in small quantities, they are 
rarely met with in food, and even in the matter of confectionery, 
of late yeai's, there has been a great improvement. As a rule, 
sweetmeats in England are not coloured with injurious matters.* 

The analyst having settled that the colouring-matter is one of 
organic origin, by its being bleached by sodic-liypoclilorite, and 
by its solubility in water or alcohol, will next pnjcood to study 
its spectroscopic characters, cither by using a pocket spectroscope, 
or the micro-spectrosco^Kj alrcjady described. 

Mr. Sorby makes use for his instrument of little cells, cut 
from barometer tubing. They are half-an-inch long, and with an 
external diameter of somewhat under Iialf-aiiduch ; they are 
ground flat at each end, and cemented with Canada balsam near 
one edge of a glass plate, so that they may be examined sideways 
or endways. In examining an unknown colouring-matter, ho 
adopts the following divisions: — 

]. Soluble in water, and not precipitated by alcohol. 

2. Soluble in water, but prcci[)itatod by alcohol. 

3. Insoluble in water, but soluble in alcohol. 

* This is the more necessary to state clearly, since, on the Continent, very 
erroneous ideas prevail. Thii.s, in the Diction naire des Altcratiofis et FaUifica- 
tions, I)arM. A. Clievallier et M. Fr. Baiidrimont, J^aris, 1878, the adultera- 
tions of half a century ago are eniunerated; and the reader is informed that 
the English confectioners not only falsify their sweetmeats with plaster, lime, 
starch, baryta, hut frequently employ bronze pow<ler, the leaf foil of copper, 
tin, and carbonate and arsciiite of copper, verdigris, chromate of lead, red 
load, and vermilion ; and, further, that nearly all the ginger lozenges con- 
tain lead. Similarly, in Dr. Iferraann Klencke’s VerfiUschwnqpyt^ 

in the article, CondUorwaartn^'*' it is stated that almost all the English 
confectionery contains lead salts, often to the extent of one and a-half per 
cent.!! All this is nonsense. »Such adulterations have been found, it is 
true; but instead of being common, they are rare and exceptional. 
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4. Insoluble in water and alcohol. 

He next subdivides his main divisions according to the action 
of bisulphite of soda. 

The organic colouring-mattcirs most likely to be found may 
be treated of in the order of the spectrum, beginning with the 
red. 

§ 59. Reds. — The common reds are — cochineal, aniline reds, 
alkanet, and the madder-colours alizarine and purpurine. 

Cocldnaal, — Cochineal Ls a red complex colouring - matter, 
secreted by certain species of a peculiar family of insects feeding 
on the Cactus coccincllifera^ G, spuntia, (7. tunia, C. pcreskla. 
The chief colouring-matter of cochineal is carminic acid,** the 
formula of which appears to be By the action of 

dilute acids carminic acid splits up into sugar, and a beautiful 
colour known as carmine-red^ thus — 

Carminic acid. Water. Carmine-red. Glucose. 

+ SHgO = Ciilli 207 + CgtfioOs. 

(Cochineal imparts its colouring-matters both to alcohol and 
water, and is precipitated by acetate of lead, cavminate of lead 
being one of tlie constituent parts of the precipitate. The solu- 
tions of cochineal are purplish-red to crimson, turning a more or 
less rich violet-purple, with alkalies becoming of a yellow colour 
on the addition of acids. The colour is well known to chemists, 
as it is m\ich used as an indicator for acids, being especially use- 
ful in titrating an alkaline liquid containing carbonates, since 
carminic acid is not affected by carbon dioxide like so many other 
colouring-matters. 

(^chiiieal in neutral solutions gives absorption -bands, but not 
very definite when examined by the spectroscope ; if, however, 
U be mado arniuoniacal, then there are btinds which differ in 
position only slightly from the absorption-bands of blood. 

No. 18 (ffg. 12) is a graphical illustration of the sj>ectrum of 
cochineal in water; No. 19, in alcohol; and No. 20, on the addition 
of nitric acid (a. ) or NHg (6.). If alum is added to cocliineal it 
loses its power of turning yellow with acids, and the purpurine 
band becomes so broad that the two bands almost run into each 
other. On addition of acetic acid they are sci>aratcd, and appear 
as tolerably sharply-defined bands between 1) and E, and there 
is another at D. 

On dissolving cochineal with alum solution, a lake is obtained ; 
on dissolving this in tartaric acid, or dilute nitric acid, the solu- 
tion gives a band at B and E, and another close on D. The 
nitric acid solution gives a spectrum very similar to blood. 
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An aqneons solution of cochineal may be distinguished from 
the Ted solutions of brazil-wood, sapan-wood, peach-wood, and 
a few others, by the fact that the calcium salt of their colour- 
ing-matters is violet, and readily soluble in water, while the 
calcium salt of cochineal-red is dark-purple or almost black, and 
insoluble in water. 

Aniline Beds , — The aniline reds are numerous, but the chief 
are fuchsine, safranine, and coralline. These three may be 
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Fig, 12. 


roughly distinguished from each other by adding a dilute mineral 
acid : fuchsine becomes yellow, safranine violet-blue, and coral- 
line gives a yellow precipitate. 

FwAsmSf or Bosaniline^ in diluted solution gives a spectrum 
indicated in fig. No. 27. Tlie absorption-band is sharp and 
decided, and keeps the same place, or very nearly so, whether 
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EXPLANATION OF FIG. 12. 

No. ]. A diagrammatic representation of the bands of No. 2. 

,, 2. Absorption spectra of clear blue cobalt glass. 

,, 3. Absorption spectra of dark blue cobalt glass. 

,, 4. Diagrammatic representation of No. 3. 

,, 5. Alcoholic solution of alizarine. 

,, G. Alcoholic solution of alizarine made alkaline with ammonia. 

,, 7. Aqueous ammouiacal solution of alizarine. 

,, 8. Alcoholic solution of alizarine made alkaline by potash. 

,, 9. Sulphoxanthraquinone in alcoholic solution alkalised by potash. 

,, 10. Aqueous solution of sulphoxanthraquinone made alkaline by potash. 
,, 11. Alcoholic solution of purpurine. 

,, 12. The same alkalised by ammonia. 

,, 13. The same alkalised by potash. 

,, 14. A neutral solution of alizarinamid. 

,, 15. An aniinoniacal solution of alizarinamid. 

,, IG. A neutral solution of purpurinamid. 

,, 17. The same alkalised by baryta. 

,, 18. An a^iueous solution of cochineal. 

,, 19. A dilute alcoholic solution of cochineal. 

,, 20. Cochineal in concentrated watery solution with (u.) nitric acid, 
(b,) ammonia. 

,, 21, Logwood, (a.) concentrated watery solution, (h.) dilute. 

,, 22. The same with the addition of nitric acid. 

. . . The same alkalised by ammonia. 

,, 23. A decoction of brazil-wood. 

,, 24. The same alkalised by ammonia. 

,, 25. Litmus, (a.) concentrated, (6.) dilute. 

,, 2G. The same made acid, (<z.) conceutratod, (/>.) dilute. 

, , 27. Dilute solution of fuchsinc. 

, , 28. Alcoholic solution of coralline. 

,, 29. Alcoholic solution of eosin, (a.) concentrated, (ft.) dilute. 

30. Safranine, (a.) concentrated, (ft.) dilute. 

,, 31. Naphthaline red, (a) concentrated, (ft.) dilute. 

,, 32. Curcuma, (a.) concentrated, (ft) dilute, (c.) strongly diluted. 

,, 33. Fluoresceine, {a) somewhat concentrated, (6.) dilute. 

,, 34. Fustic extract. 

,, 35. Fresh chlorophyll in alcoholic solution. 

,, 36. Old chlorophyll solution. 

,, 37. Wine colouring -matter, (1.) pure, (11.) diluted. 

,, 38. Wine colouring-matter NH3. 

,, 39. (I.) Mallow colouring- matter concentrated, (II.) Elderberry con- 
centrated. 

,, 40. Acid cherry : — (ft.) Acid cherry, with addition of tannin. 

,, 41. Mallow colouring-matter, with the addition of alum. 

,, 42. Indigo solution^ 
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fuchsine be dissolved in water, alcohol, or ether. Diluted acids 
have no effect on the absorption. It is distinguished from coral- 
line, which gives a very similar spectrum (see No. 28) by the 
yellow colour with acids already mentioned. 

Safraiiine dissolves in alcohol with a fine rose-red colour, witli 
a weak red fluorescence. Its spectrum is shown in No. 30 
(a, concentrated solution, 5, dilute) ; it is like that of eosin 
(No. 29), but the spectrum of eosin is changed by nitric acid, 
that of safranine is unclianged. From a solution containing 
safranino, safranine may be extracted by shaking it up witli 
its own volume of amyl-alcohol in the tube already described, 
page 69. 

The spectrum of naphthaline-red is figured No. 31. Of those 
red coloui-s the most likely to be found as a colouring of vegetable 
juices, &c., is fuchsine. 

Coralline, obtained by treating phenol with sul[>huric and 
oxalic acids, and crystallised from alcoholic solution, forms fila- 
mentous, interlacing, and lustrous scarlet crystals ; or if crystal- 
lised from acetic acid, it then forms magenta-coloured rhombic 
crystals. The crystals are red by transmitted, and dark-green 
by reflected light j on rubbing they become strongly electric ; 
they are insoluble in carbon disulphide, soluble in phenol, and to 
some degree in boiling chloroform and boiling benzine. The 
melting point of the crystals is 150^ 

Alhanet, the root of Anchusa tinctoria, contains a red colour- 
ing-matter, insoluble in water, but soluble in alkalies, alcohol, 
ether, and fatty oils. The colouring-matter api)cars to be an 
acid, anchusic acid, . In dilute solutions the spectrum 

shows three absorption-bands ; on the addition of trace of a 
magnesium salt, a fourth absorption-band appears, hence alkanet- 
red is a test for magnesium salts, and conversely a magnesium 
salt is a test for alkanet-red.* It may not unfrequently be found 
as the colouring-matters of tooth tinctures, liair oil, «kc. 

Madder , — The root of the madder, Rvhva tinctoriurn, contains 
two colouring-matters — alizarine and purpurtne — with others 
less studied. 

Alizarin, Cj^HyO^, crystallises from an alcoholic solution in 
yellowish-red crystals, and may be sublimed as brilliant re<l 
needles at temperatures a little above 100®. The needles are 
sparingly soluble in water, but dissolve freely in alcohol ami 
ether. Alizarine is now made artificially on a large scale. The 

* Magnesium salts also alter more or less characteristically the sj^trum 
of juice of elder berries, the colouring-matters of the beet, dahlia, dragon’s 
mouth, horse chestnut, hyacinth, violet, rhododendron, purple aster, and 
primula/arinoea, Berkht der Dtuiach. OtBtlUtchaft, xiii., 766-768. 
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alcoholic solution of artificial alizarine shows no bands, but 
there is extinction of the violet up to the green (see No. 5). On 
the addition of ammonia the solution changes to a beautiful red, 
with weak bands in the green (No. 6) ; the aqueous ammoniacal 
solution gives two bands (No. 7); the alcoholic solution made 
.alkaline with potash gives evidence of a third feeble band (No. 8). 
Natural alizarine is not now much used, but it may be at once 
distinguished from the artificial by its giving absorption- l>ands in 
ail alcoholic solution. 

Alizarine may be also distinguislied by chemical tests ; copp<;r 
acetate added to a solution in alcohol gives a purple precipitate, 
aluminium acetate gives a red precipitate iu an alkaline solu- 
tion, and ferrous acetate and other iron salts give a dark blin*, 
violet precipitate. Blue precipitates are also formed on the addi- 
tion of either barium cliloride or calcium chloride to alkaline 
solutions. These precipitates have resptictively the composition 
and 

Purpurine, crystallising from an alcoholic solution 

iu yellow nee<Ues, and subliming like alizarine in. red notjdles, 
dissolves in alkalies with a dark red colour ; it gives not blue 
but purple precipitates with the chlorides of calcium or barium. 
The alcoholic solution gives (see No. 11) weak absoi'ption-baiids 
at F and at BE. Tlie spectrum on the addition of ammonia or 
potash becomes very characteristic (see Nos. 12 and 13). 

Safflower, — The safflower, Carihaimis tinctoriuHy contains in its 
petals several colouring-matters, chief among which is carthainine 
or carthamic acid, Carthamiiie turns red in alkaline, 

solutions, and may be j>recipitated red by an acid. It is met 
with usually as a delicate pink or red dye, and forms the \isual 
colouring-matter of rouge. 

Logwood contains a colouring - matter named hGPmatojc.ylin^ 
-I- 3H^O, crystallising from water in yellow j^risras ; 
this changes by the action of the air and ammonia into a red 
or purple substance named lumialevti^ (^io^i 3 H>) 3 ^‘ 
also be produced by adding nitric acid to an ethereal solution of 
hiTiunatoxylin. Htfematein always exists in the free state in the 
wood, and an alcoholic tincture gives the reaction of hamiateiii. 
The spectrum of the logwood colouriug-matters is delineated in 
Nos. 21, 22, and 23. Alkalies turn the tincture first red, and then 
violet. The best test, however, is the addition of an aluminous 
salt to an ammouiacal tincture of logwood, the result being the 
formation of an abundant bluish violet precipitate. This reaction 
is made use of in the testing of bread for alum. 

Brazil-wood, sapan-wood, lima-wood, peach-wood, and some 
others, yield a glucoside, which splits up into sugar and bra^ilme^ 
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Alkalies turn brasiline a crimson colour, and tlie 
crimson solution gives blackish violet precipitates, with aluminium 
and stannic salts. It is oxidised slowly in the air, or rapidly by 
the action of nitric acid into a red crystalline IxKly, bras^ilein^ 
( 0 ^> 2 Hjjj 07 ) 3 N. The spectrum of brazil-wood extract in solution 
is delineated in Nos. 23 and 24. 

There is also a red colouring-matter yielded by the santal 
wood, named “ santalia” and occurring in microscopic red 
crystals insoluble in water, hut dissolving in alcohol, with a red 
colour, turning to violet on the addition of alkalies. 

§ 60. Orange and Yellow. — The most common oranges and 
yellows are the annatto colours : curcuma, piciic acid, fustic, 
chrysophanic acid, gamboge, aniline omnge, and naphthaline 
yellow. 

The Annatto Colours. — The colouring- matters of the annatto 
are two sul>stanccs, one a yellow, orMin ; another a ciniiabai 
red substance, hixin. Tlie latter is described in the article 
on Annatto.** The annatto colouring-matters are not soluble 
ill vrater, but are easily dissolved by alcohol. The alcoholic 
solution is orange red, and non-fluorescent. On the addition 
of nitric acid it becomes turbid. On dilution with water, there 
is a strong fluorescence, and it becomes yellow-green. It then 
absorbs, like ferric chloride, the whole left side of the spectrum 
E, and half to D, 

Turmeric is the root of Curcuma longa, Tlie colouring-matter 
is curcumiuj CgHj^Og, insoluble in cold water, and sj:>ar[ngly 
soluble in boiling water. It is very soluble in alcohol, and forms 
brilliant yellow crystals. Turmeric moistened with boric acid 
and dried assumes an orange colour, changed by alkalies into a 
l>lue ; this is due to the formation of a compound soluble in 
ji](X)hol, forming a red solution, and •rystallising in lustrous 
green crystals, to which the name of rosocganhi lias been given.. 
No. 32 shows the spectroscopic appearances of curcumin. 

Picric Acid (C^ir 3 (N 02 )yU), also called carbazotic acid and 
irinitrophemU is formed commercially by acting on phenol, by 
dissolving it in sulphuric acid, and then treating the solution 
with nitric acid. It crystallises from hot water in yellow plates, 
having a very bitter taste. The salts are explosive. It is taken 
up from acid watery solutions by petroleum- ether, ether, or 
benzine, and hence can be readily obtained pure enough for 
examination. 

Picric acid is not precipitated by acetate of lead. The chief 
cliemical test is the production of isopurpurate of potash, 
which is the result of adding cyanide of potash, and gently 
warming. 
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The reaction is represented as follows : — 

C6H3(N02)30 + 3CNK + 2 H 2 O = C8H4N50eK + COjKa +NH 3 . 

Isopurpurate of potash is of a blood-red colour. 

Fustic is the general name for yellow colours found in tlie 
wood of the Morus tinctoria. 

The wood contains two distinct colouring-matters ; the one, 
moritannic acid^ soluble in hot water, and form- 
ing yellow crystals ; the other, marine^ sparingly 

soluble in water ; crystallised from alcohol the substance forms 
yellow needles. Both give yellow precipitates with acetate of 
lead. Tlio spectroscopic appearances of fustic are shown in No. 
34 (a.) in concentrated, (b.) in dilute solution. 

Chrysophanic Acid, appears to be dioxymetliylan- 

thniquinone. It is contained in the rhubarb and wall lichen 
(Farmelia parictind). In commerce it is in the form of six-sided 
tabular crystals, of a pale to an orange-yellow colour. It is 
very readily extracted from rliubaib wliich lias been pre- 
viously macerated in water, pressed, and dried, by digesting the 
rhubarb in benzine. The crystals are soluble in etlier, oil of 
turjientine, coal-naphtha, benzine, and other hydrocarbons. 

The spectrum of chrysophanic acid is very similar to that of 
natural alizarine. Solutions of chrysophanic acid give, with 
alkalies, a rich i)urple colour. An ammoniacal solution of chry- 
soplianic acid yields, with alum, a beautiful rose-coloured preci- 
])itate. An alcoholic solution of subacetate of lead gives, in the 
alcoholic solution, a red-white precipitate. Chrysophanic acid, 
on being oxidised with nitric acid, yields metbylanthraquinoue, 

Gamboye, — This is a colouring-matter derived from the Garcinia 
• luoTclla^ var. pedicellata. It is a gum resin, to which the formula 
of 030113^0^ has been ascribed. It is very insoluble in water, but 
soluble in alcohol. 

In order to detect it in sweetmeats, to whicli it lias occasionally 
been added, the yellow colouring-matter is dissolved in alcohol, 
and })recipitated by water, a reaction at once showing that it is 
of a resinous nature. The precipitate, if gamboge, will give a 
red colour with an alkali. It is witlioufc doubt a poison- 
ous colour, but the question of quantity must be considered. 
Sixty grains has caused death, and five grains is a medicinal 
<loze ; and since some persons, especially children, are peculiarly 
susce^itible to the action of medicines, even quantities so small 
as a ^ iii-d of a grain in a couple of ounces of sweets, should be 
as having possibly an injurious action. 
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The anilim pdlows and oranges may be distinguished from tlio 
colours just described by tlie tests described in the general 
scheme at page 93. 

§ 61. The Greens — are chlorophyll and the aniline greens. 

ClUorophyU, tlie green colouring-matter of plants. It would 
appear that it is now possible to separate chlorophyll in a crystal- 
line state. The merit of this discovery belongs to A. Gautier, 
who crystallised chlorophyll in 1877,* and two years afterwards 
Hoppe-Seyler,t without knowing of Gautier s pa[>er, described 
the same substance under the name of chlorophyllone. Gautier’s 
method is as follows : — The leaves are pounded in a mortar, and 
sodic carbonate added in quantity nearly sufficient to neutralise 
the acid juices, and the product strongly pressed. The marc is 
then exhausted at 55®, and again strongly pressed ; to the ex- 
hausted substance alcohol is added, and the whole digested at 
83® ; chlorophyll, wax, pigments, fat, and otlier matters dissolve. 
The liquid is filtered and digested with coarse animal charcoal, 
which has been previously washed. At the end of four or five 
days it has lost its green colour, and becomes yellowish- or 
brownish-green. The charcoal retains the chlorophyll, and is 
now washed with alcohol at 65^ ; the latter removes a yellow 
crystallisable substance generally accompanying chloro 2 )liyli, and 
intimately allied to it in comj>osition. 

From the animal black thus freed from the yellow substance, 
chlorophyll may be extracted by anhydrous other, or very light 
petroleum ether. A slow evaporation in the dark will yield it in 
crystals. Thus obtained, chlorophyll forms flat, often radiating 
crystals, which may be more than a centimetre in length, soft in 
consistence, and of an intense green colour when recent, ])ut slowly 
changing to yellowish-green, or greenish-brown. If the crystalli- 
sation is too rapid, these long crystals are not obtained, but green 
masses composed of microscopical crystals, belonging to tln^ 
rhombohedral system. 

Diffused light changes chlorophyll to yellowisli-green, and ulti- 
mately decolourises it. The crystals dissolve in ether, chloro- 
form, petroleum, carbon disulphide, and benzine. Digested with 
hydrochloric acid, chlcfrophyll splits up into two new substances, 
one giving a beautiful blue solution, the other remaining insoluble, 
but dissolving with a brown colour in hot ether and alcohol, from 
which it appears inclined to crystallise. Fremy, who was the first 
to notice this splitting-up of chlorophyll, called the first substance 
phyllocyanine, and the last phylloxanthine. 

* Bulletin de la society chem, T. xxviii., 1877, p. 147. Comptes rendus, 
Ixxxix,, p. 861. 

t Berkhi dtr Deutaclien Chem. QeseUscha/ty 1879. 
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The ultimate analyses of chlorophyll by Iloppe-Seyler and 
Gautier agree fairly well, especially as Hoppe-Seyler’s chlorophyll 
being derived from monocotyledonous and Gautier’s from dico- 
tyledonous plants, it is possible there may be some sliglit 
difference in their composition. Chlorophyll has not yet been 
obtained free from ash. 


Carbon, 

1 

1 

Gautier. 

73*4 

73-77 

Hydrogen, 

9*70 

9-80 

Hitrogen, . 

5*62 

4*15 

Phosphorus, 
Phosphates, Ash, 

1-37 

1-75 

Magnesia, . 

! -34 


Oxygen, . 

9*57 

10-33 


Mr. Sorby has studied the colouring-matters of leaves, and has 
divided them into five groups : — 1, Chlorophyll ; 2, xanthophyil : 
.‘1, erythrophyll ; 4, chrysojdiyll ; and 5, pliaiophyll. 

The Chlorophyll group are all green in colour ; the members 
arc insoluble in water, but soluVde in alcohol or carbon dioxide. 
T’he absor[)tion-band is in the red, but the green is move or less 
completely transmitted, so that the prevailing tint is a more or 
less modified green. There appear to be several members of 
the group, one kind (which is probably the crystalline chloropliy 11 
just described) occurs nearly pure in small aquatic plants, allied 
to the Oscillatoria ; the green leaves of plants contain this, 
along wdth one which gives special absorption-bands. A third 
kind is the result of tlie action of acids on this, found more 
especially in autumnal leaves which have become brown. A 
fourth is in faded Conferva^, and turns blue when acted upon by 
hydrochloric acid (Fremy’s phyllocyanine ?) 

Xanthophyil , — This is a group of orange colours. Tliey are 
insoluble in water, but soluble in alcohol or carbon disulphide. 
.The general tint of the si^ectrum is orange, there is absorption at 
the blue end, often more or less marked narrow bands. These 
bands are best seen in carbon disulphide solution. Examples of 
two species of xanthophyil are the inner and outer layers of the 
common carrot. 

ErythrophyllL — A group of reds. Tiiey^are soluble in water 
and weak alcohol, but not in carbon disulphide. Tiiere arc many 
varieties. There is a strong absorption in the green parts of the 
spectrum. 

ChrysophyU is a golden-yellow colour, soliiblo in water and 
weak alcohol, like the last, and insoluble in carbon disulphide. 

The Phaiophyll group consists of various browns, due to the 
oxidation of chlorophyll. They give no definite absorption- 
bands. 
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The spectrum of chlorophyll is delineated in Kos, 35 and 36 . 
No. 35 is an alcoholic solution of fresh chloropliyll. There are 
two well-defined absorption-bands in the red, and two others, 
somewhat weaker, between E and D. The blue end of the 
spectrum, up to F, is dark. Old solutions (No. 36 ) alter the 
bands somewhat, and a fifth band appears between F and C. 

Green, if not due to chlorophyll, nor to colouring-matters of 
co|>per or metallic origin, will probably be aldehyde green, or 
iodine green, or the chlorinated derivative of the latter, which 
is said to be an equally good tinctorial agent. 

These be distinguished by the tests in the general scheme 
given fartlier on."^ 

§ 62 . Indigos and Violets. — ^The chief blues to be found, not 
of mineral origin, are indigo, litmus, and the aniline colours. 

Indigo. — Indigo is the produce of a great number of plants, 
most of which belong to different species of Indogifera. It would 
seem that the indigo exists in these plants in the form of a 
syrupy glucoside, which has been named indimn^ and splits up 
into indiglucin and indigoMuej according to the equation, 

Indican. Water. 

C5|iH62Na034 4H20~CieHio^202 + 0C6 Hi2O3. 

In the treatment of the crude substance by acids, other red 
and yellow colouring-matters are thrown down with the indigo. 
I’ure indigotin has to be freed from these impurities, and may be 
crystallised in minute crystals. It is also capable of sublimation. 

Crystalline indigotin is of a deep purple colour, and is insoluble 
in water, dilute acids, and alkalies. It is converted into orange 
crystals of isaiin, by treatment with oxidising 

agents. Indigotin is dissolved in concentrated sulidiuric acid, 
and two compounds ai‘e formed — the one, indigo monosidphonic 
acid, or indigo-purpuric acid, Cj^H9N202(S03H), which is first ‘ 
formed; and the other indigo disulphonic acid, Cj3HgN202(S03H)2, 
which is formed later. The first is easily separated from the 
second, for it is precipitated by the addition of water. A sodium 
salt of indigo-sulphur^ acid is used much in laboratories under 
the name of indigo-carmine as a test for nitrates, as well as 
for their estimation, oxidising agents converting it into isatin- 
sulphonic acid, C|3ir3N204(S0gH)2, whicli has an orange colour ; 
hence, when a liquid containing a nitrate is acidified strongly 

* Kintnan’s green njay be met with ; it essentially consists of oxide of 
zinc, coloured with oxide of cobalt. Sometinies arsenic is used in its manu- 
facture ; if arsenic free, and in small quantity, it is a harmless colouring 
material. There is also an aniline green which is a compound with zinc 
chloride. 
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with sulphuric acid, and a solution of indigo-carmine run into tho 
hot solution, the colour changes at first to yellow until an excess 
of indigo has been added. The spectimm of indigo, in concen- 
trated solution, is shown in No. 42. There are no bands, but 
absorption of the red, orange, and yellow end of the spectrum. 

Litmus is a blue colour obtained from lichens, and very familiar 
to chemists as an indicator of acids. Asa colouring agent of 
either foods or stufis, it is of little importance, not being a “ fast 
colour.” Its spectrum is shown at Nos. 25 and 26. 

§ 63. Brown Colours. — CaranieL — All shades of brown, from 
a rather delicate fawn colour up to black or nearly so, can l>e 
given by caramel. Caramel is not a single simple substance, 
but a mixture of various colouring-matters derived from tii<^ 
dehydration of sugar. Caramel is soluble in water, and is pre- 
oi[>itated by alcohol. 

(Jaramel, as it usually occurs, is almost all soluble in water, 
and gives precipitates with alcohol, ammoniacal lead acetate, und 
baryta w’ater. It gives a spectrum without definite absorption- 
l>ands, but extinguishes the blue side of the spectrum, like 
ferric chloride. Caramel may be suspected in a brown liquid 7 iot 
coloured by a mineral substance, wliicli is not decolourised when 
sufficient tannin is added, for the colonring-matter of berries is 
precipitated by tannin. Among the members of caramel, tliore 
are three principal substances — viz., taramelane, CjoH^gO^, cara- 
mel in e, and caramelixi. 

Caramdane makes up the chief bulk of on! inary caramel. It 
is brown, hard, and brittle, bitter to the taste, without odour, 
deliquescent, and very soluble in water, s^xaringly soluble in 
weak alcohol, insoluble in ether. It does not precipitate metallic 
salts in aqueous solutions, but rediict^s an alkaline solution of 
oxide of copper, and also the sjilts of gold and silver. 

CarameUne may be separated from caramelane b}^ first extract- 
ing the latter by alcohol of 84 per cent., exhausting with cold 
water, and precipitating witli absolute alcohol. It is a brittle 
solid, of great tinctorial power ; it is easily soluble in water, 
sparingly in alcohol, insoluble in ether. ^ 

Caranielin is a mixture of three substances of different solubili- 
ties; it is black, shining, and infusible. Its solutions precipitate 
metallic salts, and reduce gold and silver solutions. 

§ 64. The following useful scheme may be followed in the de- 
tection of unknown colouring-matters. It is based on the scheme 
originally, in part, recommended by Professor Stein, in order to 
detect the dyes of various fabrics ; but it is available, with the 
modifications introduced, when applied to the investigation of 
coloured foods, &c. : — 
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RED COLOURS. 

A. Hrat with Ammonium Sulphide.— A greenisli or bluish colour, which, 

by the action of baryta water, is changed into green — ALOES 
PUR PLE. If the liquid becomes purple, "ARCH I L is also present . 

B. Boil with a Solution of Aluminium Sulphate. 

<r. The liquid is coloured red, with a beetle-green reflection — MADDER. 
(Coulirinby spectroscope.) 

b. The liquid becomes red, but there is no reflection. Add an equal volinne 
of sodium sulphite. 

(I.) It is bleached. Presence of BRAZIL-WOOD, SANTAL, MAGENTA, 
CORALLINE, SAFRANIN. 

Boil with Alcohol of 80 per cent. 

a. The liquid colours distinctly. If bluish -red, MAGENTA: if yellowish- 
red, SANTALIN. 

h. Li(iuid colours very little, or not at all — BRAZIL-WOOD, CORAL- 
LINE, SAFFLOWER. 

(1.) Heat with lime water. No colour— SAFFLOWER. Red colour— 

BRAZIL-WOOD, CORALLINE. 

(2.) Heat with dilute sulphuric acid. Orange colour — BRAZIL-WOOD. 

, Yellow turning to grey on addition o( copper chloride— CORAL- 
LINE. (Confirm by spectroscope.) 

(2.) It is not bleached — COCHINEAL LAC- DYE, LAC- DYE. 
KERMES, ARCHIL. 

(a.) Boil with alcohol; liquid becomes red— ARCHIL. If it only faintly 
colours, or at least if the colour is not decided, it may he 

COCHINEAL, LAC-DYE, KERMES, 

(/>.) Heat with baryta water; no change— LAC-DYE ; the liquid becomes 
red— COCHINEAL, KERMES. 

fc.) Heat with lime water: a red colour— KERMES ; a violet colour — 

COCHINEAL. 


YELLOWS. 

Heat with a dilute solution of neutral ferric chloride. 

W. /?. — This test must be applied when the colouring-matter is separated 

in a fairly pure state. 

A. Colour but little altered-ANNATTO. TURMERIC, ANILINE 
YELLOW, PICRIC ACID, NAPHTHALINE YELLOW. Test 
with a drop of concentrated sulphuric acid: a blue or green colour 
is produced — ANNATTO. If tho spot becomes at once, or after 
a little time, more or less brown or red, then add alcohol, with a 
few drops of hydrochloric acid and some boric acid. 

(a.) Lifmid becomes of an intense pink colour, and on diluting with water, 
there is a reddish-yellow colour— TURMERIC. 

(/>.) Pale pink colour, on dilution with water, crimson — ANILINE 
YELLOW. 
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(c.) There ia no change of colour on the addition of hydrochloric acid, &c. 
Heat with aminoniacal co[»per solution, bluiah^grHen ; confirm the* pre- 
sence of picric acid by the cyanide of potasli test, a blootl-red colour 

PICRIC ACID; the colour becomes an olive green— NAPHTHA- 
LINE YELLOW. 

r». Various shades of colour from ^^[•cen to almost black— MADDER YEL- 
LOW, FUSTIC, FUSTET, QUERCITRON, FLAVIN. BER- 
RIES, WELD. Boil with aluminium sulphate, with the addition of 
an ecjual volume of water ; liquid becomes yellow, with a red reflec- 
tion— MADDER YELLOW, with tin. Yellow, with a bluish-green 
reflection — FUSTIC. Liquid yellow' without reflection. Heat with 
baryta water, a red colour — FUSTET. The colour is only darkened. 
Boil with glacial acetic acid. On cooling, if the liquid is yellow, or 
greenish-yellow— ENGLISH FLAVIN. If the solution is not at all, 
or only faintly, coloured, boil with basic lead acetate. This, with 
regard to fabrics, if a tissue is dyed with WELD, the tissue will not 
change colour; if with QUERCITRON or BERRIES, the tissue 
will change to orange-brown; but articles of food will be scarcely 
coloured with these substances. 


GREEN COLOURS. 

If the green colouring-matter is not soluble in w'ater, it ia probably 

chlorophyll, unless indeed it is a mineral colouring substance. Chlorophyil 

beat recognised by the spectroscopic characters of its alcoliolic solution 

(see page IK)). If not chlorophyll nor a mineral substance, then 

A. Boil with a moderately concentrated solution of jwtassic cyanide. 

((f.) Colour changes into brown or yellow— ANILINE GREEN, GREEN, 
containing INDIGO-SULPHURIC ACID (carmine green). 

(/>.) Does not change, or changes into a hrowmish- or yellowish-green — 
GREEN, containing INDIGO with ur without CARMINE GREEN 

B. In any of the foregoing cases add an equal volume of water, and 

then a solution of aluminium su]])hate until an abundant precipitate 
is formed ; Alter and wash. (Excess of the ])rccipitate must be avoided. ) 

(fi.) Filtrate yellow or reddish — ANILINE GREEN. 

(b.) Filtrate blue — (1) precipitate colourless — CARMINE GREEN with 
PICRIC ACID; (2) preci]>itate yellow — CARMINE GREEN 
with a vegetable yellow. Dissolve the yellow precipitate in w’ater, 
add sulphuric acid, and filter : a green llnorescence— FUSTIC ; no 
fluorescence — WELD, TURMl^RIC. Test for turmeric m the 
original substance by boiling with alcohol, and adding boric and 
hydrofluoric acids. 

(a.) Filtrate colourless, precipitate yellow — INDIGO. 

(b.) Filtrate blue; if the precipitate is colourless, PICRIC ACID may be 
present, and should be tested for; if coloured, there is probably a 
vegetable colour present. 
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BLUE COLOURS. 

Dissolve out the colourio/a:- matter with alcohol of 80 per cent., or treat the 
substance itself with alcohol, allowing it to remain in thejiouitl, and 
add a few drops of hydrochloric acid: a re<l colour— LOGWOOD, 
OonHnn by adding to <an alcoholic solution ammonia and then alum ; 
a blue or violet precipitate should result. If the liquid does not dis- 
solve any of the colour, it is moat probably Prussian blue, but it may 
also be indigo. If, on the other hand, although some of the colour is 
extracted, yet the substance still remains blue, it is probably ANI- 
LINE BLUE or INDIGO-SULPHURIC ACID. Add strong sul- 
phuric acid, with INDIGO-SULPHURIC ACID, no change. The 
colour changes into a yellower reddish-brown in presence of ANI- 
LINE BLUE. On heating with sodium carlmnate again, INDIGO 
is not changed, but PRUSSIAN BLUE is changed into yellow or 
brown. i. 


VIOLET AND PURPLE COLOURS. 

Heat with ammonium sulphide. 

A. The tissue is bleached; soluble ANILINE VIOLET, MAGENTA, with 
INDIGO CARMINE. These twm may be distinguished by the: 
action of boiling alcohol; SOLUBLE VIOLET remains violet, 
MAGENTA becomes red, the substance becomes brownish-red. 

Presence of MAUVE, or HOFFMAN’S VIpLET. These may be distin- 
guished by tbe addition of hydrochloric acid, which colours HOFF- 
MANN’S VIOLET yellow, but MAUVE becomes purple. 

li... Turns olive brown — ALKANET. (Confirm by spectrum.) 

D. Hardly any change. Presence of ARCHIL. ARCHIL with INDIGO, 
LOGWOOD, or MADDER. 

Boil with alcohol — 

a. The solution is pink, and changes to violet on the ad<Ution of ammonia 

ARCHIL; if the ARCHIL is accompanied with INDIGO, hot 
chloroform will colour blue. 

b. Solution i n alcohol remains colourless. Heat w’ith dilute hydrochloric acid ; 

LOGWOOD is coloured red, and may be further identified by test^ 
alreatly given; if INDIGO is associated with it, hot chlorofor!i] will 
colour blue. With hydrochloric acid, madder, if it is coloured at all, 
becomes yellow. 

The accompanying Tables will also be found useful in the 
identification of organic colours. 


THE MINERAL MATTPIRS OR «ASH” OF FOOD. 

ANALYSIS OF THE ASH OF ORGANIC SUBSTANCES. 

§ 65. As a general rule, testing the ash for abnormal metals 
and alkaline earths is necessary, and more especially if tl)e ash 
present any unusual character, whether in weight, colour, or 
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eolubiKty* Leaving for the present the special tests, the nnm^ev 
and nature of the constituents which require to l)e deter miiiied 
for the purpose of the food-analyst, vary according to the par- 
ticular substance under examination, c. g , — 

•III all substances, ihf. j)ercentage. 

In such fluids as milk, the alkaline phosphates and the Morides, 

In seeds, such as wheat, cocoa, drc., the total phosphoric acid. 

Ii^ beer-ash, the amount of contmon salt. 

In bread-ash, the presence or absence of cUumina^ magnesia. 
and proportion of silica to alumina. 

In tea-ash, the alkalinity^ the iroiiy the silicUy and proportion 
of soluble to insoluble ash. 

In coffee-ash, likewise the proportion of soluble to insoluble 
ash, but the presence or absence of silica becomes also of im- 
portance. 

From these illustrations (which might be multiplied) it follows 
that, for the purposes of the food-analyst, the general constitution 
of the ash will be sufficiently known when the following deter- 
minations have been made : — 


(1.) The total percentage of ash. 

.(2.) The total percentage of ash soluble in water. 

(3.) The total j>ercentage of ash soluble in acid. 

(4.) The alkalinity of the ash. 

(5.) The percentage of clilorine. 

(6.) The percentage of phosphoric acid. 

(1.) TJbe Total Percentage of Ash . — Of the various methods of 
'estimating an ash, the simplest and most practical appears to be 
— to place a siiilicieiit quantity of the substance to be burnt in 
capacious })Iatinum dish, and to consume at the lowest possible 
temperature by heating with a ring burner.* The quantity to 
be ta^en is regulated by the amount of ash in the substances. 
For example, flour, containing only *7 per cent, of ash, would give 
with 50 gi-ms, *35 ash, which is about as small a quantity as it 
is ])ossible to work with conveniently, whilst in the case of 
ooffee, tea, and cocoa, from 5 to 20 grms. is for most purposes 
ample. 

* If the sulphuric acid in the ash is not to be determined, a wi<le glass 
tube (such as the chimney of a common (paraffin lamp) adjusted over the 
dish, by its iKiwerful up-draught greatly ex|)edites the operation ; but if the 
sulphuric acid is to be determined, the impure gas of commerce renders the 
results too high. It is, however, of course open to the analyst to make the 
gas jMMs through a proper, absorption-apparatus, or to use as a fuel, alcohol. 
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(2.) The Soluble Ash . — The ash is boiled up two or three times 
with water in the same platinum dish ; filtered, and the filtrate 
evaporated to dryness, heated to dull redness, and weighed. 

(3.) The A»h Soluble in Acid . — The i>ortion of ash insoluble in 
water is boiled up with HCl, and filtered from the sand; the 
latter is washed, dried, and weighed. 

(4.) The Alkalinity of the Ash . — ^^The solution in water from (2)* 
is coloured with cochineal, and titrated with d. n. acid : the result 
may be usually expressed as potash. 

(5.) The Percentage of Chlorine . — The determination of chlorine 
in the ash usually gives results too low, especially if the sub- 
stance burnt is one like bread, of diflicnlt combustion, or con- 
taining substances which docom]X)se chlorides at a red heat. 
Notwithstanding this defect, in a series of ashes burnt under 
similar circumstances, the amount of clilorine found gives fair 
comparative results. Should there be any special necessity for 
an accurate determination of chlorine, no volatilisation will occur 
in the combustion of most articles of food, if they are simjdy well 
carbonised and not burnt to a complete ash, and if the charcoal 
be finely powdered and extracted with plenty of boiling water. 
The chlorine may be determined gmvimetrically by nitrate of 
silver, or more conveniently by a standard solution of nitrate of 
silver, using as an indicator neutral chromate of potasli. Should 
alkaline phosphates be present, they must be first removed by 
baryta water. 

(6.) The Phosphoric Acid . — The usual method of determining 
phosphoric acid is to dissolve the ash in hydrochloric acid, 
evaporate to dryness, remove the silica, mix the acid filtrate 
with ammonia in excess, rcdissolve the precipitated earthy 
phosphates by acetic acid, filter ofl’ and ostimato the insoluble 
phosphate of iron (and alumina, if present), precipitate the lime 
with oxalate of ammonia, and then in the fluid (free from limp 
and iron) precipitate the jdiosphoric acid, by the addition of 
ammonia and rnagne.sia mixture. 

§ 66. Gcniei^al Method of Determining all the Constituents of an 
Ash . — The best method of determining all the constituents of an 
ordinary ash is perhaps as follows : — A sufficient quantity of 
the ash (from 5 to 10 grms.) is placed in a flask, about 2f) cc, of 
water added, and saturated with CO^ ; the liquid is now 
evaporated to dryness, heated with a small quantity of water to 
dissolve the alkaline salts — the solution is Altered through a 
small weighed filter, the filtrate evaporated to dryness, the 
saline residue treated with a small quantity of water, and the 
calcium sulphate which separates out filtered through a weighed 
filter, and estimated ; the filtrate from this is put in a tared flask. 
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made up to any convenient weight, and divided into five portions 
hy toeight, viz. — 

(1.) For COg. — This is most accurately determined by the 
use of the following little 
apparatus : — The solution is 
placed in a flask A, and suffi- 
cient acid is put into the short 
test-tube T, to more tlian 
neutralise the carbonate. A 
stout gloss rod is passed 
through the doubly i)erforated 
caoutchouc cork, and supports 
the little tube in position. 

Tlie carbonate solution is now 
boiled until steam hisses out 
of the tube G (which it is 
<ionveiiient to furnish with a 
Bunsen’s valve*). G is then placetl under the mouth of a 
graduated measuring tube filled with mercury, and it is at 
once seen whether all the air is expelled. The flame is with- 
drawn for a second, and the glass rod, which moves quite air- 
tiglit, is pulled a little up, so as to allow the acid tube to fall 
down and empty its contents into the alkaline fluid. The flame 
is again placed under the flask, and the COj boiled out into the 
measuring apparatus, and measured in the ordinary way. Those 
who are not provided with gas apparatus will find it convenient 
to jacket their eudiometer with a tube oj)en at both ends. The 
lower end is closed by the mercury in the bath * the upper is 
placed under a water-tap, and a syphon is adjusted so as to 
prevent overflow. In this way the gas is rapidly cooled, and the 
whole determination, from first to last, need not take more than 
a •quarter of an hour.t Instead of boiling the solution in this 
way, thos(3 who poss(?ss the mercury pump described and figured 
at page 70 (fig. 7 ), will find it more convenient to make the flask 
vacuous, then upset the acid, and collect the gases expelled. 

* Bunsen's valve is made as follows : Take a piece of rather thick-walled 
india-rubber tubing, say, three inches in length ; work it, by the aid of a 
little spirit, on to any wooden rod which is of sufficient size to stretch it 
well ; then with a sharp chisel, by a single blow, cut a longitudinal slit ; if 
well made, it allows air to go one way with the greatest ease, but effec- 
tually prevents a return. 

f Much ingenuity has been expended on the estimation of carbon dioxide, 
and the old method of estimating in light glass apparatus, by the loss of 
weight, is quite forsaken. The method ipven in the former edition of this 
work was to absorb the COa in a clear solution of ammoniacal calcium chloride, 
collect the precipitated c^ciiim carbonate, and titrate it with d. n. add. 



Fig. 13. 
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(2.) For the sulphuric acid, determined by chloride of barium. 

(3. ) For the phosphoric acid, determined as magnesian pyro- 
phosphate. 

(4.) For tlio chlorine, by precipitation as silver chloride. 

(5.) For the alkalies, by boiling in a platinum dish with slight 
excess of baryta water, filtering, getting rid of the excess of 
baryta by ammonia and ammonium carbonate, evaporating the 
filti'ate to dryness, converting the alkalies into chlorides, and 
determining their relative proportion from their total weight 
and their content in chlorine. This completes the analysis of 
the solvhle portion of the ash. 

The insohMe will contain lime, m.agnesia, ferric oxide, alumina 
if present, silica, phosphoric, sulphuric, and carbonic acids. 

The main portion of tlie insoluble ash is dissolved in nitric 
acid, freed from silica in the usual way, evaporated again to dry- 
ness in a porcelain basin, dilute nitric acid added until the bases 
are completely dissolved, and strong fuming nitric acid added, 
until the solution begins to be turbid from the separation of calcic 
nitrate. The turbidity is now destroyed by a few drops of dilute 
nitric acid, the solution warmed^ and tinfoil added in small por- 
tions at a time, in weight about equal to the amount of ash taken. 
When the tin is fully oxidised, the solution is tivaporated marUf 
to dryness, water is added, and the solution filtered ; the })hos- 
phoric acid is retained in the precipitate — the bases are all in 
the filtrate. The precipitate is dissolved in strong potash 
solution, acidified with sul}>lHiric acid, and freed from tin by 
hydiic sulphide, concentmted to a small bulk, filtered if any 
further sulphide of tin separates, and the phosphoric acid deter- 
mined by magnesia mixture and ammonia.* 

The filtmte from the tin pliosphate must be freed from lea<J 
(if the tin originally contained lead) by hydric sulphide, con- 
centrated, tlie iron and alumina sepanited and determined W 
ammonia, the manganese separated as binoxide by bromine- 
water, the lime by oxalate of ammonia as oxalate, and tlm mag- 
nesia determined in the usual way as pyrophosphate. 

A weighed portion of the insoluble ash must also be faken 
for the carbon dioxide, sulphuric acid, and sand. The carbon 
dioxide is determined in the manner already described. 

using as an indicator cochineal. Another method which has been proposed, 
is to make a combustion of the substance with potassic bichromat^ and 
absorb the CX)^ in the usual way in potash bulbs. A third, is to let the 
acid drop from a separating funnel on to the carbonates, and absorb the OO^ 
as in the last, an aspirator and drying tubes l^ing used. {AnmiUn dtr 
clxxvi. 136-144.) All of these methods, in tlM author's opinion, are 
inferior to that given above in tbe text. 

* Thoipe's Quantitative Analysis.'^ Lend., 1377. 
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The process just given is not quite accurate with regard to the 
estimation of the alkalies ; for Bunge * has shown that since the 
alkalies form insoluble compounds with the alkaline earths, a 
watery extract of the ash gives low results. For example, Bunge 
incinerated 300 cc. of cow’s milk ; from a watery extract of the 
ash he obtained 

K^O -5436, Na^O *0700 ; 

while from a subsequent nitric acid extract of the same ash, 

KgO -0937, Na^O 0*1162. 

If chlorides of the alkalies be heated with tribasic phosphate 
of lime, the soda is specially likely to combine with the lime in 
insoluble combination — in far less proportion the potash. 

Bunge recommends the following method : — The watery ex- 
tract is decomposed with baryta water until a film forms on the 
surface of the solution, the mixture is warmed and filtered hot. 
The exces.s of baryta is got rid of by CO.^, subsequent warming, 
and filtration ; the filtrate is evaporated in a platinum dish, the 
I'esidue gently ignited, dissolved in a little water, filtered through 
a small filter, and evaporated with HCl in a small platinum 
dish. The chlorides are then ignited, weiglied, and separated 
by platin chloride. 

'J’he hydrochloric or nitric solution of the insoluble portion of 
the ash is evaporated to di'vness in a platinum dish, the residue 
again dissolved in a little of the acid and water, treated like the 
former with baryta watei% and filtered hot. Ammonia and car- 
bonate of ammonia are now added, the liquid filtered, and the 
filtrate evaporated in a platinum dish, and ignited at the lowest 
possil>le temperature, Tlie residue still containing a trace of 
alkaline earth, is extracted with water, evaporated with oxalic 
rfeid, ignited again, taken up with water, filtered, evaporated in 
a small platinum dish, ignited again, dissolved in a little water, 
and lastly, evaporated with HCl, and the alkaline salts separated 
by trichloride of platinum. 

Since a determination of the ash only gives those mineral sub- 
stances which are fixed in the fire, and destroys nitrates, and 
changes oxalates, citrates, and tartrates into carbonates, while 
other constituents, under the influence of heat, undergo a new 
arrangement, it becomes a question whether the ingenious method 
recommended by E. Laugiert in the analysis of sugar, would not 
be applicable in several cases. 

• Liebig’s Annalen der Chimie u. Phai'iva^ie. 
t Compi, rend,, Ixxxvii 1088-1090. 
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M. Laogier takes two portioDS of sugar, one for the ash, the 
other for tbo organic acids, tho latter being exactly double the 
quantity of the former. To the larger quantity of the sample, 
dilute sulphuric acid is added drop by drop to set free the or- 
ganic acids 3 the acidified sugar is mixed with pumice stone and 
exhausted with ether ; half of the ethereal solution is added to 
the ash obtained from the smaller portion, and evaporated down 
upon it and weighed. By this means M. Laugier thinks that he 
reconstructs the original salts in the sugar. This, however, 
cannot be entirely true. The other half of the ether solution, is 
titrated with, a^n ajkaii. 



PART 1II~CARB0-HYDRATES. 


STARCHY AND SACCHARINE SUBSTANCES. 


vSUGAR. 

§ 67. Sugars may be divided into two classes : — (1.) Tliose 
capable of being broken up by the process of fermentation, such 
as the sugars known as the glucoses and saccharoses ; and, (2.) 
the uufermentable sugars, to which class belong many sweet 
principles found in plants, such as eucalyn, sorbite, qiiercito.se, 
inosite, inannite, dulcite, »fec. The important sugars to tlie food- 
analyst are, cane sugar or saocharose, glucose or dextrose, 
ievulose, milk sugar,* and maltose. t 

Caru} SitgaVy occurs in a very large number of 

plants, but is only manufactured from beet-root, the- sugar-cane, 
sorghum, and the sugar-maple. Its si^cific rotatory power is 
4-73*8. It crystallises from its solutions in water or dilute 
alcohol in anhydrous crystals, the specific gravity of which is 
1*606. It is soluble in one-third of its weight of cold water, and 
i.s very soluble in liot; in absolute alcohol it is insoluble, the 
solubility rising in proportion to the weakness of the alcohol. 
Thus, according to Scheibler, the numbers iri Table IV. are the 
percentages of sugar dissolved, and the specific gravity of the 
solution at the common temperature of 14°. 

Wlien solutions of sugar are boiled with dilute mineral acids, 
Ihe sugar is split up into two glucoses : the one rotating to the 
right, hence named dextrose, the other rotating the plane of 
[solarised light, to the left — Ievulose. J Long boiling with water 
has, to a slight degree, the same effect, and it is also shown in the 
action of ferments, when exposed to light. An uncorked solution 
of sugar (or one imperfectly sealed) will in a few days, according 
to the temperature, show some degree of inversion. But a boiled 
solution of sugar, which, while actually boiling, lias been her- 

* Milk-sugar i« fully described in the article on “ Milk.” 

t “ Maltose ” is described in the article on Malt Liquors. 
t To this mixture of dextrose and Ievulose, the term ** imert sugar” is 
apnlied, because the polarisation ia the opposite of that of cane sugar ; for 
^thou^ glucose rotates to the right and Ievulose to the left, yet the latter 
ia so much stronger that the solution polarises to the left. 
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TABLE IV.— SOLUBILITY OF SUGAR IN ALCOHOL OF 
DIFFERENT STRENGTHvS. 


cent, alcohol. 

0 . 

100 cc. of the Bolution 
contain 

85*8 


Specific gravity of the 
Batorated solution. 
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5 . 
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metically sealed, will keep unchanged for yeaiu Acetic acids, 
and the vegetable acids generally, have little or no effect in the 
“ inverting ” of sugar. 

Carbon dioxide, especially under i>ressure, inverts sugar. 
Pure cane sugar, if free from glucose, undergoes no change of 
colour when boiled with the alkalies ; if, however, glucose be 
jiresent, there is a very decided change. 

Sugar forms a few well established compounds with bases, and 
many with salts. The most definite of th(j sugar compounds 
combined with bases arc tljose wliich it forms with baryta and 
lime. If a solution of sugar be boiled down with sulphide of 
barium or baryta, a sandy precipitate forms, having the comf>osi- 
tion i decomposition of this with CO^, 

pure sugar is obtained. A commercial process bjised u];)on this 
reaction is in use in order to recover the sugar from molasses, 
and it may be employed in certain cases in the laboratory with 
advantage. 

There is a monobasic lime sucrate (Ci2H220jjCaO) corre- 
sponding to the barium compound, and a tribasic sucrate of lime 
(OjjHjjOnSCaO). Crystalline compounds are also easily obtained 
with certain sodium salts ; thus, there is a chloride of sodium 

* V. Lippmaon, Poly, J.^ ccxxxvij. 1 46-163 
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compound CjoH 220 nNaC 1 . 2 IT 20 ; and another having the formula, 
2Ci2H220ii3NaCl.4H20. An iodide of sodium compound may 
be obtained in large crystals having the following composition : 
2Ci2H220n3NaLHoO. ^ 

jSugar heated to 160“ melts to a colourless liquid ; on cooling 
the melted mass is at first clear and transparent, but in a little 
time it becomes crystalline and opaque* At about 170® to 180“ 
it loses water, and is said to be transformed into dextrose and 
levulosan ; as the heat is increased, water is continually being 
lost, and more or less brown products are formed (see “Caramel,” 
p. 93). If sugar is fused with zinc chloride, a liquid is obtained 
which yields, on distillation, aldehyde, acetone, metacetone, 
formic acid, acetic acid, furfurol, and apparently mesityl oxide ; 
carbon dioxide, carbon oxide, and Iiydrocarbons are also formed ; 
aj^d there is also a sublimation of crystals, hexmethylbenzene, 
(y/CHg)^. {Lippnianii.) 

Bromine, according to K Reichardt, transforms one-tliird of 
cane sugar into gluconic acid, one-third into glucose, and the 
remainder into gum. 

§ 68. Adulterations of Sugar . — Loaf sugar is, as a rule, chemi- 
cally pure. It is probably, indeed, the purest food-substance in 
commerce, and a large quantity may be burnt up without 
obtaining a trace of nitrogen, and without leaving any residue. 
The only sugars that may l3e impure are the “ raw ” sugars. 

The adulterations of sugar usually enumerated are : Glucose 
or starch sugar, sugar of milk, dextrine, chalk, plaster, sand, and 
various species of flour. No conviction, that the author is aware 
of, under the Sale of Food and Drugs Act, has been hitherto 
obtained in England for selling sugar which had been adulterated ; 
and the impurities given above are not according to the au thorns 
experience, but rather the stereotyped list enumerated by various 
atithors in different countries, representing more what is possible, 
than what actually exists. 

To detect glucose (dextrose) in the presence of other sugars, 
B. Bottger* mixes the solution with an equal quantity of car- 
bonate of soda solution [I of tlie salt to 3 of water], and then 
adds a little basic bismuth niti'ate, boils, noticing whether there 
is any blackening, which is taken as an indication of dextrose. 

E. Brucket has modifled this method, so as to eliminate any 
blackening (which might occur from the sulphur in albuminous 
matters), by using potassium bismuth nitrate, which precipitates 
albumen. The re-agent is made by dissolving basic bismuth 


* Jofir. fUr, Prakt. Chem^ Ixx. 432. 
+ Wim Afcad. Ber., 1876, 52. 
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nitrate in a hot solution of potassic iodide '^ith the addition of 
hydrochloric acid. The albumen precipitated by the re-agent is 
of course filtered off, and the filtrate is boiled. 

The simplest and best method, however, of detecting starch 
sugar when mixed mechanically with cane sugar, is undoubtedly 
that recommended by P. Casamajor.* The suspected sugar is 
thoroughly dried, and is then^treated with methyl-alcohol whicli 
has been saturated with starch sugar. 100 cc. of methylic alcohol 
of 50® strength dissolves about 57 grms. of starch sugar, the 100 
cc. becoming in volume 133 cc. Such a saturated solution 
dissolves cane sugar readily enough, but leaves starch sugar 
undissolvod. After stirring the sugar in the methylic alcohol 
for about two minutes, the residue is allowed to settle, and the 
clear solution decanted. The residue is now washed with the 
same solution, and after stirring and allowing the residue to 
settle again, if starch sugar \vere present there will i*emairi a 
certain quantity of chalky white sj>ecks, accompanied by a fine 
deposit of starch sugar. By collecting this on a filter, and 
washing rapidly with nearly absohito methyl, approximate 
quantitative results may be obtained. 

The best method of detecting dextrine wdicn mixed with 
sugar, has been specially studied by Scheibler.t lie took a 
sugar which gave the following numbers to analysis ; — 


Per cent 

Water, . 3 -35 

Ash, 1*73 

Organic matter, 2*32 

Sugar, 92GO 


and mixed this sugar with various proportions of dextrine — from 
1 to 3 per cent. — and examined the behaviour of the sugar, both 
optically and chemically. The polarLsation indicated the follow- 
ing amounts of cane sugar 

0*9 0-5 1*0 2’0 3*0 per cent, dextrine. 

02*6 93*4 94 0 D5*6 96’3 ,, sugar. 

Thus, a sugar adulterated with 3 per cent., if examined optically, 
would indicate 96*3 per cent, of cane sugar instead of 92*6. On 
inverting the sugar, there were great discrepancies, quite enough 
to make even an inexperienced observer suspect something 
wrong. Thus with the same amounts of dextrine, the pure sugar 

• Chenucal News^ 1880. 
t " The Sugar Cane.’" 1871, p. 469. 
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showing, before inversion, 92'6 per cent, of sugar, and after 
inversion, 9 2 '6 : — 

0‘5 I'O 2 '9 3*0 per cent, dextrine. 

Direct, 93*4 94*2 95*6 96*3 ,, sugar. 

After inversion, 80*4 78*0 73*1 67 0 „ „ 

* It was no use to experiment beyond 3 per cent., because it 
was then impossible to clarify the solution by lead acetate 
sufficiently for the purposes of optical analysis. Scheibler 
summarised his results as follows : Dextrine may be detected by 
its tlins raising the degree of rotation, by the great difference of 
the results before and after inversion, by the blue colour it gives 
with iodine (although there are dextvines which, when added 
to sugar, may show this test imperfectly), by the impossibility 
of clarifying the liquid should any amount be present, by lead 
acetate, and lastly, by partial se])aration of the dextrine by 
animal charcoal. 

Insoluble mineral matters, such as sandj^ present in low-class 
sugars as an impurity, may be readily detected by simple 
solution of the sugar and filtration. Gummy matters may 
also be separated by precipitation by alcohol in the way to be 
described in the article on “Tea;” mineral matters, generally, 
may be detected in the ash. Beet sugars, and to a less degree cane 
sugars, will contain a large amount of potassic and sodic carbon- 
ates, arising from the decomposition of the citrates, malates, 
oxalates, &c. Beet sugars may also contain nitrates. Cane 
sugar leaves an ash containing but little soda, with much more 
lime, magnesia, iron, and alumina. Thus, tlie following is the 
ash of raw cane and beet s-ugars, obtained in the following 
manner : All the mineral matters in the sulphuric acid residue 
of a large sugar factory were kept for a whole year, and analysed 
at the end of the year. Of course the carbonates, nitrates, and 
chlorides have all been decomposed, and the analysis is true 
only with regard to the bases. 

Cane Sugar Ash. Beet Sugar Ash. 



Per cent 

Per cent 

Potash, , • . . . 

28*79 

34*19 

Soda, • • # • a 

*87 

11*12 

Liido, « • • • • 

8*83 

3*60 

Magnesia, .... 

2 73 

•16 

Oxides of iron and alnminiam, 

6*90 

•28 

Sulphuric acid [aiihyd.k • 

43*65 

48-85* 


Dividing each factor of the asL of the beet sugar by that of the 
cane, we get the following proportions for the bases : — 

* J. Wallace, Chm. xxxvij, 75. 
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Cana. 

Beat. 

Totiish. •••«'• 

1 

1*19 

Sodfli, • • • • . 

1 

1278 

fiiixie, ..... 

Magnesia, 

1 

•41 

1 

•06 

Oxides of iron and aluminium, 

1 

•04 


In other words, the potash is almost equal in the two ashes, but 
there is nearly thirteen times more soda in beet ash than in cane 
sugar ash ; lime, magnesia, and oxides of iron and aluminium, 
are in very small quantities in beet sugar ash. 

An analysis of the ash of a Demcrara cane sugar growing near 
the sea-coast, by Dr. Wallace, is as follows : — 


Potash, .... 

Per odat 

2910 

Soda, 

1-94 

Lime, 

1510 

Magnesia, .... 

3-76 

Sulphuric anhydride. . 

23*75 

Phosphoric acid, 

5-69 

Chlorine, .... 

415 

Carbon dioxide, . 

406 

Iron peroxide, 

•55 

Alumina, .... 

•65 

Silica, 

12-38 

Deduct oxygen = chlorine, 

101-03 

•93 


100*10 


If sugar be ever adulterated by any of the starches, so clumsy 
a fraud is readily detected by a microscopical examination, and 
the use of iodine to the residue obtained by dissolving the sugar 
in cold water, and then filtering. ^ 

§ 69. Full Analysis of Sw^ar.— The full analysis of a raw 
sugar consists in : — 

1. Determination of the water driven off at a heat not exceed- 
ing 55® to 60®. 

2. An optical estimation before and after inversion. 

3. Titration with copper oxide before and after inversion. 

4. Estimation of the organic acids by treating with sulphuric 
acid, and shaking up this acid extract in the tube figured at page 
69 with ether, until it has dissolved out all the organic acids. 

5. Titration of the organic acids with d. n. soda or potash. 

6. Estimation of any insoluble matter, whether organic or 
inorganic. 

7. Estimation of the ash and its constituents. 
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It may also be necessary to estimate the matters precipitated 
by basic lead acetate; it would be, however, quite suflScienfc 
for commercial, and, indeed, for most purposes, to merely 
estimate the percentage of cane sugar, fruit sugar (if present), 
water, and organic matter, or water and ash, as in the following 
analyses : — 


TABLE V.— COMPOSITION OP RAW BEET ROOT SUGARS 
OF GOOD QUALITY. 


Clear li^ht mixe<l product, • 
Light mixed product, . • 

Half white, 1st product, 

TJight mixed product, » 

»» »» n • * 

Half white, 1st product. 

Clear white, I at product, 

Light mixed, lat product, 

Clear light mixed, Ist product, 
Clear light, Ist prf>duct. 

Clear light, 1st product, 

('lear yellow mixed product, 
Yellow mixed product. 

Clear yellow mixed product, 
Clear yellow, 1st protluct, . 
Yellowish mixed product, 
Yellow mixed product, 


Yellowish ,, 

Yellow mixed product, 
Light mixed product, . 
YSIow ,, „ 


Yellowish mixed product, • 
Yellowish brown, 2nd product, 
Yellow, Ist product, . 

Yellow mixed, Ist product, • 
light yellow, Ist product, . 
Ydlow mixed product. 
Brownish, 2nd product, 

Second piquet, . 


\ 

1 Canfl* 

1 Org-^nic 

Wfitcr. 

' Sagars. 
Per cent. 

j Matter. 
Per cent. 

Per cent. 

! 

■ 85 0 

IG 

2*0 

9.S0 

20 

2*3 

94 3 

23 

2*5 

i 93-5 

2*4 

3*3 

i 94-4 

3*1 

22 

1 90 1 

2 ‘3 

34 

j 920 

3-7 

2-8 

i 93*5 

3 0 

2*8 

i 920 

2-3 

2*6 

93*1 

3-3 

3*0 

; 940 

3*0 

2*9 

i 920 

30 

23 

i 920 

2*4 

3*5 

920 

3 2 

3 1 

93-7 

2-6 

28 

91 *8 

2*9 

36 

i 930 

3*5 

2-7 

i 93*4 

2 9 

2*3 

i 930 

23 

2*9 

1 93*0 

37 

3*1 

! 93-0 

3-3 

2*7 

j 91*6 

3 0 

3 0 

907 

4*6 

4*3 

! 93-8 

2*1 

2*8 

: 92-5 

2*4 

3*5 

: 9J-0 

4*3 

3*7 

i 91*3 

5*1 

2*5 

j 92-4 

i 3*5 

2*6 

! 89-5 

1 4*0 

3 7 

j 92*0 

2*8 

3*4 

1 89 -6 * 

4*3 

3*8 

89*0 

6*3 

3*0 

87*0 

62 

1 

4*1 
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TABLE VI.^SOME ANALYSES BY MR. HALSE OP CONCRETES. 



Cano Su/irar. 

Per cent 

Uncryatallised 

Sa^ar. 

Per cent 

Water. 

Per cent 

Ash. 

Per cent 

1 . 

87*20 

4*00 

4*50 

1*38 

2 . 

89*60 

1*90 

5*50 

*85 

3 . 

90*20 

1*95 

4*03 

•99 

4 . 

91*70 

3*30 

2*15 

•88 

5 . 

87*00 

5*00 

4-72 

1*24 

6 . 

95*10 

1*40 

1*56 

•86 

1 

7 . 

94*30 

1*70 

2*21 

1*16 

8. 

92-50 

1*92 

2*70 

1*18 


The difference between the totals and 100 would be returned 
as unestimated matters and loss.*' 

The methods of estimating the different kinds of sugar are 
fully considered in the next section, and it only remains to 
detail the best methods of taking the ash of a sugar. 

There are two methods of taking tlio ash of sugar. 

The one is simply to burn the ash in the ordinary way in a 
platinum dish heated to r(3dness in a current of air. In the case 
of all substances like sugar or starch, this method is very 
tedious, and wkliout doubt there is some loss by volatilisation. 
Landolf^ determined the amount of this volatilisation by a series 
of careful experiments, and gives the following Table (VI 1.)^, 
which may bo used as a guide to the correction of tlie final weight 
of the ash. 

A method recommended and practised by Scheibler was to 
moisten the ash with sulphuric acid, whereby the combustion 
is much, hastened, and the bases, being obtained as sulphates, 
approximate more nearly in weight to that of the organic salts 
naturally in the sugar, which in the other method are obtained 
as carbonates. It has also been proposed to precipitate the 
sugar with acetate of lead, and thus obtain the lead salts of 
the organic acids. The lead compounds are decomposed in the 
usual way, and the acids set free titrated by potash. The potash 

* Landolt, H., Joum» FUr Ftaktische CAem., oiiL Also, ** Sugar Cane,’' 

1873 . 



oomblnation approximates somewhat more closely to the actual 
salts of the sugar. 

TABLE VII. 


Weight of 
lte»idue. 

Loss by Heating after 

Half an Hour 

One Hour. 

One anil a Half 
Hours. 

Two Hours. 

*01 grin. 

'002 grra. 

•004 grin. 

*000 grm. 

*008 grm. 

•02 

•00*2 „ 

•004 „ 

•007 

•008 „ 

•IW „ 

•002 „ 

*005 „ 

•008 „ 

•OJO „ 

04 „ 

00.7 „ 

•000 „ 

*009 „ 

•012 „ 

•05 ,, 

*004 „ 

4)07 „ 

•Oil „ 

015 „ 

•(Mi 

•004 „ 

•0(»8 „ 

•017 „ 

•017 „ 

■07 ,, 

•005 „ 

•010 

•015 „ 

•019 „ 

•OS ,, 

•005 ,, 

•010 „ 

•016 1 

! 

•020 „ 


JBut the best of those metliods which attempt to reconstruct 
from the ash the originaJ salts^ is j.>robably that of Laugier, 
already described at p. 102. Laugier extracts tJie organic acids 
by ether, and then adds them to the ash, and evaporates 
them down with it. As to raw beet sugar ash, the experiments 
of Landolt appear to show that simply multiplying the potassic 
carbonate found by 2, giv(?s the «amouijt of organic salt from 
whicJi it was derived. * His experiment was as follows: — Two 
pounds of syrup were fully precipitated by lead acetate, then 
decomposed by SIf.,, and exactly neutralised by potash. The 
solution was next partly evaj)orated, passed through animal 
cliarcoal, and dried. It gave the reactions of chlorine, and of 
oxalic, malic, and tartaric acids, with a trace of sulphuric acid. 
Three separate portions were now carbonised, and the proportion 
for every one part of organic salt of carbonate of potash was— 
ill experiment 1, 2*04; in experiment 2, 2*05; in experiment 
3, 1*98 ; the mean of the three being 2*08. 

§ 70. Glucose, Dextrose, Dextro-glucose, Grape Sugar, C^Hj20gH20 
— The rotatory power of glucose is 56”. It is soluble in 100 
[larts of cold water, and very soluble in boiling water ; it is 

* Or if Schoibler's process be followed, the alkaline sulphates may be 
multiplied by 1 *54. 
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soluble in glycerine, in about two parts of rectified spirit, and 
two of amylic alcohol ; but it is insoluble in ether and in chloro- 
form. Dextrose is widely spread in the vegetable kingdom, but is 
never found unaccompanied by levulose. Dextrose is artificially 
obtained by heating carbo-hydrates, such as starch or cane 
sugar, with acids ; in such cases, it is accompanied by dextrine, 
from whicli it is difficult to purify it. According to Hoppe-Seylef, 
indeed, it cannot be obtained pure, save from diabetic urine, 
and the specific rotation usually given is erroneous. He has 
separated pure grape sugar, dextrine free, from diabetic urine, 
and gives its polarisation as 53*" ‘5. This, however, agrees very 
nearly with that given by Tollens, who ascribes to anhydrous 
dextro-glucose a specific rotation of 53°*1, and to the dextrose 
with its water of crystallisation a specific polarisation of 48°*27. 

The best way to obtain dextrose from cane sugar in a pure 
state is, according to Soxhlet, the following : — 3 litres of 90 [)er. 
cent, alcohol and 120 cc. of concentrated hydrochloric acid are 
made to act at 45'* G. for two hours on 1 kilo, of cane sugar. 
After ten days, crystals of dextrose form, when the liquid may 
be concentrated by distillation, and the crystals which have 
formed removed. In a few days, the whole of the dextrose will 
liave been deposited as a white powdei\ The crystals are washed 
with 90 per. cent, alcohol and with absolute alcohol, and crystal- 
lised out of the purest methyl-alcohol. Crystallised grape sugar 
is ill the form of little masses of six-sided tables, which melt ut 
and lose at 100° their water of crystallisation. 

§ 71. Levulose (or Levuglucose) is isomeric with dextrose, 
but distinguished from it by its action on a ray of polarised 
light — turning to the left, instead of to the right: - 106” at 14 , 

- 53” at 90”. It is obtained in company with dextrose when 
sugar is ‘‘ inverted” by the action of a dilute acid. To isolate 
levulose the acid must be got rid of; for example, if hydi^- 
chloric acid has been used, it is precipitated by silver solution : 
if sulphuric, by baryta water, ifec. The solution of invert sugar 
must be about 10 per. cent, strength. To every 100 cc. 6 grms. 
of freshly burnt lime must be added, and the whole shaken. 
By artificially cooling the solution with ice, a crystalline magma 
is obtained, and by filtration the more soluble dextrose lime- 
compound can be obtained from the less soluble levulose lime- 
compound. The sugar thus obtained can be freed from lime 
by carbon dioxide. 

Levulose is uncrystalHsabIc, but in has not been found 
possible to separate it entirely from the crystalline glucose, by 
crystallising the latter out of it. It presents when pure simply 
the characters of a colourless syrup. 
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ESTIMATION OF SUGAR. 

§ 72. Sugar is estimated by chemical prooesses, by the specific 
gravity of the solution, by the estimation of the CO 2 evolved in 
alcoliolic fermentation, and by certain physical processes. 

. It is only possible to estimate percentages of sugar (especially 
cane sugar) from the specific gravity of the solution when the 
fairly pure sugar is dissolved in pure water, sovthat this method 
is of but limited utility, and; seldom employed by the analyst. 
The fermentation process is too tedious and inconvenient ever to 
come into general practice, and will therefore not be described. 


(1.) Chemical Processes depending ujxm tJue Precipitation of the 
Suboxide of Copper from a Copper Solution by Grape Sugar. 

The most general of the numerous processes under this head 
is that of Fehling, which requires a solution of cupric sulphate 
and Rochelle salt, alkalised by soda. 34*64 grms. of pure crystal- 
lised cupric sulphate, previously powdered and pressed between 
blotting-paper, are dissolved in 200 cc. of distilled water ; 
174 grms. of Rochelle salt are dissolved in 400 cc. of a solution 
of pure caustic soda, specific gravity 1*14 ; the two solutions 
are now mixed and made up to 1 litre. The liquid should be 
preserved in bottles protected from the light, and absorption of 
carbon dioxide from the air should be provided against. 

On account of the slight instability of this solution, A. Soldaini 
has proposed the following : — 416 gi'ms. of potassium bicar- 
bonate, 15 grms. of dry basic cupric carbonate, and 1400 grms. of 
distilled water are heated together, the liquid being continually 
replaced ; when the evolution of CO^ has nearly ceased, the 
liquid is made up to its original volume with w*ater, filtered, and 
concentrated down to 800 cc. Such a solution is not reduced by 
light or the carbon dioxide of the air : it is unaltered by pro- 
longed boiling, and may even be evaporated to drjmess without 
decomposition. It is reduced by formic acid, levulose, glucose,*' 
and lactose, and can be used for quantitative purposes in the 
same way as ‘^ Fehling.” 

CaRe sugar cannot be estimated directly by “ Fehling,” since it 
do^ nd£ reduce copper solution ; by boiling with dilute acid it 
is, however, clianged to inverted sugar, which reduces copper or 
mercury in exactly the same proportion as glucose. 

Starch and starchy substances may be also changed into sugar 
by boiling for several houi*s with a dilute acid. The following is 
a convenient method : — Two or three strong assay flasks are 

9 
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taken, and in cacli is placed from *5 to 1 grm. of the substance 
to be examined, with 50 to 60 cc. of decinormal sulphuric acid ; 
the flasks are stoppered with caoutchouc corks, tied down with 
strong string, and capped witli linen or canvas, and the Avhole 
suspended in a water-bath and heated for from six to eight hours. 
At the end of four hours one of the flasks may be taken out,, 
cooled, opened, and titrated ; and at the end of six hours the 
second. If there is no marked increase in the amount of sugar 
between the fli'st and the second, the operation is finished ; but 
in any other case the third flask should be heated for another 
four hours before being examined. 100 \mrta of grape sugar == 
00 of starch. 


(2.) Volumetric Processes by the aid of Solutions of certain 
Salts of Mercury. 

Knapp's mercuric cyanide solution is made by dissolviiig 1(5 
grms, of mercuric cyanide in about 600 cc. of water, then adding 
100 cc. of caustic soda solution of specific gravity Id 45, and dilut- 
ing to 1 litre. 40 cc. of the mercury solution are placed in a 
flask, heated to boiling, and the solution containing sugar run 
in gradually from a burette, four parts of mercuric cyanide being 
reduced to metallic mercury for cvt>ry one part of anhydrous 
grape sugar (or, 3*174 parts of metallic mercury = 1 anhydrous 
grape sugar). The ending of the pi’ocess is discovered by 
moistening filter-paper with the clear .solution, and holding quite 
close to it a rod dipped in ammonium .sulphide solution ; :i 
decided brown coloration takes place if the mercury salt is in 
excess ; but if the colour is very faint, the o]ieration is finished, 
for it appears to be im^^ossible to decompose the whole salt, 4\ 
trace always remaining, and for this reason the solution should 
be standardised with sugar. 

A. Sacchse uses the following solution for the estimation of 
sugar: — 18 grms. of pure dry mercuric iodide, and 25 grms. of 
potassic iodide are dLssoIved in water, a solution of 80 grms. 
of caustic potash is added, and the whole made up to 1 litre. 
40 cc. of this solution [ = 0*72 gi'in. Hgl.^] are boiled in a basin, 
and the solution of grape sugar is run in, until the whole of 
the mercury is precipitated. The final point is determined by 
spotting a drop of the supernatant liquid on a white slab, and 
tliere bringing it into contact with a drop of a strongly alkaliiu^ 
solution of stannous chloride. The production of a brown 
colour shows the presence of unprecipitated mercury. 
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§ 73. Some recent researches of F, Soxhlet* )/ear upon the 
behaviour of the ditferent kinds of sugar with the solutions just 
described. These experiments are of the more importance since 
they were maile with the most .scrupulous care, and with the 
purest materials, while the testing was clone tinder varied con- 
• ditions. 

fnvert Sugar, — Pure invert sugar he prepared by dissolving 
cane sugar which had been puritied by thrice crysbillising out 
of water, and dried at 50’^ in a vacuum over calcic chloride. 9 *5 
gnus, were dissolved in 700 cc. of boiling w^ater, to which 
had l>een added 100 cc. of liydrochloric acid, containing *72 
of HCl, and heated in the water-bath for half an hour. Tlie 
liquid 'was finally neutralised Avi^i soda , and diluted to one or 
two litres as rniglit bo recpiuxuir^ He found tliat invert sugar 
reduced Fehling’s solution almost at once, and that in all cases 
two minutes were sufficient, no advantage being gained from 
a longer boiling; nor did it appear to matter whether the sugar 
was added to the licpiid cold, and then boiled up, or the sugar 
added to the boiling liquid. 

Soxhlet drew from this experiment tlie following eoiiclusions : — 

1. The proportion in wdiich invert sugar rijduces co]) 2 )er oxide 
is essentially influenced by the concentration of tlie liquid. 
Dilution of the copper and sugar solution lowers, excess of 
copper raises, tlie reducing power. -o gnu. invert sugar in 
1 percent, solution corresjxiiids to 101*2 cc. of undiluted Pehling’s 
solution ; but, if Feliling is diluted with four times its volume 
of 'Water, then the same amount of invert sugar is equivalent to 
97 '0 cc. of Fehling: in tin? one case tlie proportion in equivalents 
being as 1 : 10*12, in the other as 1 : 9*70. 

2. In the titration of an invert sugar solution, the first cc. 
of the sugar solution flowing into the copjier reduces more 
‘copper than the next, and the last cc. has the smallest reducing 
power, because the first lias tlie greatest excess of copper solu- 
tion to act upon, and the last the smallest. Xt hence follows 
tJiat the reduction, proportion is not constant throughout the 
operation, but is continually falling, and that the values are 
juirely empirical, and only correct by operating always witli the 
same concentration of copper and sugar solution, 

3. The accepte<l view that 1 equivalent of invert sugar reduces 
10 of CuO is wrong. *5 of invert sugar does not reduce 100 cc. 
of Fehling*s solution diluted with 4 of water ; 97 or 100 cc. 
of Fehling are not equivalent to -500 grm., but to '515. 

Similarly with regard to milk-sugar, he gives 

* Journal /. Prakt, CJiemie, i^.F. xxi., 227, 317 ; Z^iUchrifL f, Analyt. 
Chemie, xx, 425. 
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the reduction proportion in equivalents as 1 is to 7*40, or 
•5 grm. of milk-sugar in 1 per cent, solution is equal to 74 cc. 
of Fehling’s solution. Dilution of the solution, or concentration, 
has a similar action to that of invert sugar, but smaller in degree. 
(See article on “ Milk.’') 

Galactose . — Galactose reduces Fehling as quickly as invert or ' 
grape sugar. *5 of galactose is equivalent to 98 cc. of undiluted 
Fehling. If the latter be diluted with four times its volume of 
water, then it corresponds to 94 cc. The reduction ratio in 
equivalents is as 1 : 9*8, and as 1 : 9*4 in the respective cases 
mentioned. 

Maltose . — The behaviour of maltose, according to Soxhlet, is 
as follows : — 

Maltose has the smallest reducing power of all the sugars. It 
reduces the copper solutions more slowly than grape, invert, 
and galactose, but more rapidly than milk sugar. *5 grin, of 
maltose in 1 per cent, solution equals 64*2 undiluted Fehling ; 
and the same quantity corresponds to 67*5 Fehling, if the Fehling 
is diluted with four times its volume of water. It is remarkable 
that dilution of the solutions increases the reducing power ; 
w'hile, with regard to undiluted Fehling, excess of cop[)er appears 
to have no influence. This fact affords an easy way of estimat- 
ing maltose by weight ; for there is, under these circumstances, 
and operating with 1 per cent, maltose, only one ratio, viz. — 
100 of anhydrous maltose equalling 113 copper. It is, of course, 
necessary to make sure that the copper solution is in excess. 
The fluids are mixed cold, boiled for four minutes ; the sub- 
oxide collected on an asbestos filter, reduced in a current of 
hydrogen, and weighed as metallic copper ; or it is also open to 
the analyst to redissolve the copper from the filter by an acid, 
and precipitate on a platinum dish by electrolysis. 

Soxhlet has also investigated the behaviour of the solution.^i 
described with various sugars, and gives the number of cc. of 
the quicksilver solution reduced by 1 grm. of the different sugars 
when dissolved so that the solutions are of 1 per cent, strength. 



Knapp. 

Sanebne. 

Grape sugar, . 

497'5 cc. 

302*5 cc. 

Invert sugar, • 

602*5 

376*0 

Levulose, 

608*6 

449*6 

Milk-sugar, 

.... 322*5 

214*5 

Galactose, 

413*0 

226*0 

Changed milk-sugar, 

448*0 

268*0 

Maitos^ . 

317*6 

197*6 


Or, if the reducing power of grape sugar be taken as 100, then 
the otbeD sugars may be thus compared — 
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Fehling nndiluted. 

Knapp. 

Socchee. 

Grape sugar, 

. 100*0 cc. 

100*0 cc. 

100*0 cc, 

Invert sugar, 

96*2 

99*0 

124-5 

lievulose, 

92*4 

102*2 

148*6 

ilk -sugar. 

70*3 

64*9 

70*9 

Galactose, . 

93*2 

83*0 

74*8 

Changed milk-sugar, 

96*2 

900 

85-5 

Maltose, 

61*0 

63*8 

65*0 


As to the recognition of the kind of sugar, Sacchse’s solution 
differs in its behaviour with the various kinds more than 
Knapp’s solution, and is, therefore, the best adapted for this 
purpose. 

These solutions possess no advantage^, over Feliling’s in the 
estimation of sugar, if one kind only is present ; but where 
there are two kinds of sugar in one sample, or, again, where the 
identity of the sugar is doubtful, then the mercury methods are 
of very great use and importance. Sacchse recommended the 
use of his metliod, combined with that of Fehling, to determine 
the relative pro})ortious of grape and invert sugar in a mixture. 
He considered tluat gmpo and invert were reduced by Fehling 
in exactl^'^ equal proportions, and b}^ his mercury solution in 
une<T[ual proportions ; but the researches of Soxhlet just detailed 
show that Fehling does not act in the way assumed by Sacchse, 
so tliat the calculation for the amount of sugar in a liquid by 
the combined metliod is somewdiat different, and must be done 
according to tlic following equations. 

The general formula is — 

a.x -f- hi/ — F, 

cx + dy ^ S, 

• (I is tlie number of cc. Fehling’s solution, reduced by 1 grm. 
of grape sugar. 

b is the number of cc. Fehling’s solution, reduced by 1 grm. 
of invert sugar. 

c, the number of cc. Sacchse’s solution, reduced by 1 grm. of 
grape sugar. 

dy the number of cc. of Sacchse’s solution, reduced by 1 grm. 
of invert sugar. 

F, the number of cc. of Feliling^s solution, used by 1 volume 
of sugar solution. 

S, tiie number of cc. of Sacclise's solution, used by 1 volume 
of sugar solution. 

X, the amount of the grape sugar in grammes contained in a 
volume of the sugar solution. 
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;/, the amount of the invert sugar in grammes contained in a 
volume of the sugar solution. 

Since, with the titmtion of the mixed sugar solutions, equal 
amounts of the mercury and copper solutions are taken, whicli 
use up unequal amounts of the sugar solution, it is most con- 
venient to calculate the number of cc. of Sacchse and Feliling 
equivalent to 100 cc. of the sugar solution. 

Putting Soxh let’s values in place of the symbols, the ecj na- 
tion for grape and invert sugar becomes as follows : — 

210*4.r + 202*4y = F 
330*5;r + 266% = S 

Or if tlie mixture is lactose and grape sugar, the equation is — 


2I0‘4.r + 196% = F 
330 '5^ -f 442% = S. 


Therefore, since tlie F and S are found experimentally, theri 
tiiore are only two unknown cjuantities, which are easily (Cal- 
culated by the ordinary rules. It is scarcely necessary to ol>- 
serve that the same calculation applies to Knapp's solution, if 
the proper values are substituted in the formula.* 

Soxhlet’s method of using Fehling’s solution is as follows : — 
50 cc. of Fehling's solution are heated to boiling, and the sugar 
solution run in, in the usual way, until the blue colour disajipears. 
This gives the approximate strength of tlie solution, and it must 
be now diluted so tliat there wdll be about 1 per cent, of sugar 
in the solution. A second 50 cc. are now taken and heated with 
the exact number of cc. of the solution, which (supposing it 
be accurately 1 per cent.) would throw down all the copper. 
This heating is to occupy two minutes for invert sugar, grape 
sugar, and lactose ; four minutes for maltose ; and six minutes 
for milk-sugar. The whole fluid is now poured on to a large 


* 106 ce. of Knapp’s solution 
are reduced by 


100 cc. of Sacchsc’s solution 
are reduced by 


Anbyilroair. 

Grape sugar, 
Invert sugar, 
Levulose, . 
Milk, 
Lactose, 
Maltose, . 


Milligramines. 

201 0 
199*0 
197*0 
.310-0 
242*0 
3150 


Milligrammes. 
330-5 
266 0 
222*5 
466-0 
442*0 
506 0 
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filter ; if the filtrate is greenish, copper is of course present ; but 
if it is yellow still there may be copper dissolved, and a little 
must be tested in a test-tube with acetic acid and ferrocyanid(s 
of potash seiution. A dark red colour shows a large amount, 
a pale red a small amount ; but if there is no colour at all 
•the copper is precipitated, if copper was in the solution. In the 
next ex]»eriment a slightly larger amount of sugar is used, but 
if free from copfjer then in the next assiiy 1 cc. of sugar solution 
less is taken. These titrations (which are* very rapidly executed) 
are continued until in two experiments the addition or .subtrac- 
tion of 1 cc. gives, on the one hand, a copper-free, and, on tlie 
other, a trace of co})per-C(mtainirig liquid. In- dark liquids the 
ferrocyariide and other tests of the kind are iinsuitablo ; but in 
such a case a few drops of the filtrate are put in a test-tube, 
boiled with a little sugar solution for a minute, and then put on 
one side to deposit for two or three minutes. The fluid is now 
decanted, and a little piece of white filter-paper, which has been 
previously wound round a glass rod, wiped around the bottom, 
when any oxide of copper which has been deposi4ied adheres to 
the paper in this way, and is at once discovered. 

It may be well to give an example of this method of sugar 
titration : — 10 grins, of commercial starch sugar were dissolved 
in 250 cc. of water ; of tliis solution 8 cc. decolourised 50 cc. of 
Feliling. Now 50 cc. of Fehling correspond to about 24 cc. of a 
1 per cent, solution of graj)e sugar. Hence, to make a 1 per 
c(?nt. solution, 83-3 cc. must be made into 250 cc. by tluj addi- 
tion of water. Six experiments were now made with this 
solution. 

(1.) 23 cc. were boiled with a fresh 50 cc. of Fehling, filtrate 
hlue-yrem ; therefore, much copper present. 

(2.) 24 cc. boiled in the same way, filtrate greenish. 

• (3.) 25 cc., tiltraie ; no copper reaction. 

(4.) 24'5. cc., filtrate, with ferrocyanide, dark red, 

(5.) 24*7 cc., filtrate clear red, 

(6.) 24*8 cc., filtrate contained no copper. 

The true value, therefore, evidently lies between 24*7 ami 
24*8 cc. ; that is, 2475 cc. Now, since 50 cc. of Fehling is 
decolourised by 2375 cc. of a 1 per cent, solution of grape sugar, 
24*75 cc. contain *2375 grm. grape sugar, and 250 cc. (equalling 
83*3 cc. of the original sugar solution) equal 2*399 grins. : 
therefore, 250 cc. of the original solution (containing 10 grms. of 
substance) contain 7*20 of grape sugar, and the amount of grape 
sugar in the whole is 72*0 per cent 
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(3.) Gravimetric Proceeaes, 

Gravimetric processes must be substituted for volumetric in 
oases in which, from the darkness in colour of the fluid, the end 
reaction would* be difficult to observe. One of the best is that, 
recommended by Dr. Pavy : — The ordinary Fob ling's solution is 
boiled in sliglit excess with the substance containing glucose or 
lactose, which should be in solution in about 1 per cent, strength, 
tlie precipitate of siiboxide of copper immediately collected on a 
filter, made by packing the throat of a funnel with glass wool, 
the suboxide of copper dissolved by a little peroxide of hydrogen 
and a drop of nitric ecid ; and lastly, the copper deposited as 
copper on a tared piece of platinum foil by electrolysis and 
weighed. The amount of copper found, multiplied by *538, gives-' 
its equivalent in glucoee. Dr. Pavy recommends for the elec 
trolysis the use of a constant battery, consisting of an outer cell 
charged with bichromate of potash dissolved to saturation in 
dilute sulphuric acid, an inner jiorous cell containing a little 
mercury at the bottom and filled up with water, and having in 
its centre an amalgamated zinc rod dipping into the mercury. 
In the outer cell are two carbon plates. However, any other 
battery will do, or an ordinary platinum dish may l>e coated 
with the coi>per, as described in the article on the “Estimation of 
Copper” in the second volume 'of this work. The methfxl is also 
applicable to the mercury processes just detailed, and either the 
excess of mercury cyanide in a solution, or the precipitated 
mercury, can be collectexl on gold foil or gold capsules. 

It is also evident that the copper sulxixide, instead of being 
weighed as copper or oxid^, can lie collected, washcxl, redi.ssolved, 
and estimated volumetrically. One of the best methods under 
these particular circumstances is to collect, as l>efore, on glass 
wool, dissolve, by the aid of a gentle heat, in a solution of pure 
ferric chloride with the addition of a little sulphuric acid, and 
then titrate the solution of cuprous chloride by a previously 
standardised solution of permanganate of potash. 


(4,) Phyaical Proceaaea for the Determination of Sugar. 

The saccharimeters in use are numerous, but tliose only of 
Mitscherlich, Soleil, and Jellett will be described here. The 
f>olarising instrument of Mitscherlich is extremely simple. (See 
tig. 14.) It consists of a stationary Nicol’s prism in a, a plano> 
convex lens in 6, and a rotating NicoFs prism c. The first prism 
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polarises the light, and the use of the second is to indicate the 
plane of the polarised ray coming from the first. The second 
prism is therefore set in a graduated circle, ddy and is provided with 
an index, /, and there is a handle, which turns both prism and 
index. If the index be either 
at O’* or 180^*, and an observer 
look through the tubes 
towards the source of light, 
the flame is seen divided by 
a vertical line into two equal 
parts ; if now the tube, sup- 
j)lied with the instrument, 
bo filled with the liquid to 
be examined, and interposed 
1 jet ween the lens and the 
second prism, should it con- 
tain sugar or other j>olarising 
substance, the black stripe 
is no longer in the middle of 
the field, and the handle 
moving the index and prism 
must be turned iintil the 
black stripe is seen; or, if the 
stripe is broad and undetined, pjg ^4 

the prism is turned until the ^ 

exact point is reached in which blue changes into red — the 
index at this point marking the amount of the polarisation by 
the scale and the direction ; for if the index has to be turned to 
tlie right, the polarisation is +, or right-handed; if to the left - , 
or left-handed. 

In ord(?r to make this quantitative, and to estimate the specific 
rx)iaiion of a sugar (£.e., the number of degrees of rotation observed 
when 1 grin, of the sugar is dissolved in 1 cc. of fluid and observed 
by yellow light through a tube 1 decimetre long), it is necessary 
to dissolve a known weight of the pure sugar in water ; then if 
the length of the tube be known, and the temperature of the 
solution and the rotation be observed, all the necessary data are 
obtained. For example, let the rotation = a, the length of 
the tube in decimetres = I, the weight of substance in 1 cc, of 
Iluid =: p, then the specific rotation for yellow light — 

+ - or {a)f = + - . - 

— pi — pi 

the sign {a)j being in use, signifying yellow light. Or, to take 
an actual example : 14*3 grms. of a substance dissolved in 100 cc. 
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(•143 gi'in. in each cc.), and a 2 decimetre long tube filled with 
this liquid, the rotation on the scale being 16° to the right, then 


16 

bl^^ 


5504, 


and 55‘94 is^ the specific rotation. The best source of light for 
accui*ate researches is a Bunsen burner, in the middle of which 
there is a little pellet of sodium held on a wire. Tiiis source of 
light ill formulie is usually indicated by (a)/». 

Provided there be only one sugar in the fluid under investiga- 
tion, the specific rotation of which is known, the weight of the 
sugar in 1 cc. of the fluid is estimated by the following formula : 

P wliere a equals the observed, and. (a) tlie specific 

rotation. 

SoleiVa Saccharimeter. 


Soleifs sacchariraeter {see Plate) consists of three e.sscntial parts, 
two of which are fixed (fig. 1), AB and CD, the other mt»vable, 
which is inserted between B and C, and which is soiaetimes tht^. 
tube BC, 20 centimetres long (fig. 2), and soinctinios the tube 
B'C' (fig. 3), 22 centimetres long, furnished witli a bliernio meter, 
T. These tubes are destined to contain the saccharine solutions, 
the value of which is to be determined. 

The movable parts are — 

(1.) The small movable tube D'D (fig. 1), carrying the eye- 
piece, which focuses by drawing in and out. 

(2.) The little button V (fig. 4), serves to adjust the zero of 
the scale with the zero of the indicator; 

(3.) The large milled screwhead on the vertical axis IT (fig. 1), 
by which is rendered uniform the tint observed. 

(4.) The milled ring B (figs. 1 and 2), by the aid of which 
they give to this same tint the colour which lends itself best to 
a precise valuation. 

(5.) Lastly, the divided scal^ HR (fig. 4), on which is read 
the number giving the richness of the sugar under examination. 

The details of operating are as follows : — The lamp is adju.sted 
so that its light traverses the axis. A tube similar to that 
which contains the saccarhine solution is filled with pure water, 
and is adjusted in the place provided for it between the ocular 
and objective portion. Then applying the eye at D (fig. 1), 
the tube DD' is either pushed out or in, until the field is seen 
divided into two equal halves, coloured with one and tlie same 
tint, or two different tints separated from each other by a black 
line, which should be very sharply defined. If, as generally 
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happens, the two half-discs have not the same tint or shade, the 
large horizontal button H is turned either way until the desired 
result is obtained. 

It is not only necessary that the two half-discs should have 
the same tint or colour, but in order to be extremely exact, that 
tint should be the one most sensible to the eye of the observer; 
and as all eyes are not equally sensible to the same tint, tlie 
proper colour must be found by experiment. 

The zero line on tlie scale must coincide exactly with the black 
line of the indicator I (tig. 4). If the coincidence is not perfect, 
it may bo established by turning either way the little button 
V until this is accomplished. 

The instrument once adjusted, the examination of the sugar 
may be commenced. 

The tube BC, filled with the saccharine solution, is substituted 
for that tilled with water, or if an inverted sugar is taken, then 
JVC' is filled. On now looking through the instrument, it is 
seen that uniformity of tint no longer exists, and that the two 
half-discs are coloured by diflerent sliades. The uniformity is 
re-establislied by turning the large horizontal button H until 
**t5r!rtwo half-discs are again uniform. 

As the saccharine solution is mostly coloured, the uniform 
tint re-established is not in general the- sensible tint, to which, 
however, it is necessary to return, and which the colour of the 
solution has caused to disappear. The milled head B is then 
turned to cause the sensible tint to reappear ; tliis tint returned, 
the equality of shade of the two half-discs, if not quite perfect, 
must be made so by turning again H. It now only remains to 
rttad the degree on the scale HR', to which tlie index answers ; 
the number corresponding to this degree gives immediately in 
lOOths the titre, or the richness of the solution. 

•The preparation of the saccharine solutions is as follows : — 

(1.) Norvial solutions of imre sugar. — 16*26 grms. of pure 
sugar are dissolved in water, the volume made up to 100 cc., and 
observed in a tube 20 cms. in length; mai^ks 100 degrees on the 
saccharimeter. 

(2.) The raw sugar of commerce. — 16*26 grms. of the sugar are 
}>owdered and dissolved in water, and the whole made up to 
100 cc. ; if the solution, is too dark, it may be clarified by sugar 
of load. The tube BG is filled with the solution thus prepared 
and /idjusted. 

(3.) The next operation is to invert the sugar. 5 cc. of fum- 
ing HCl are added to 50 cc. of the sugar solution, and heated in 
the water-bath up to 68°C. ; when that temperature is reached, 
the solution is put in tlic tube B'C', its rotating power (which 
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is now inverse) observed, and at the same time the temperature 
at the moment of the observation.* 

VVe have now all the data necessary, and the amount of sugar 
may be readily found by tables, such as those of M. Clerget, or 
by the formula as below. 

Supposing the number given by the first observation is 75, by 
the second (inverted) 21, at a temperature of 12®C., the sum of 
the two numbers (75 + 21) makes 9G. Now, in referring to 
M. Clerget’s table, under 12®, or in the third column corre- 
s[)onding to the temperature of 12®, the nearest number to 90 
is ill this instance 95*0; the horizontal line in which 95*6 is 
placed is followed, and there is found, first, in the column A, the 
figures 70 per cent, of pure crystalline sugar; secondly, in the 
column B, the figures 114*45, placed by the side of 70, which 
indicates that tlie saccharine solution examined contains per litre 
114*45 grms. of pure sugar. If, liowever, as sometimes happens, 
tlie solution contains a polarising substance not modified by 
acids, in such a case the difierence of the two numbers, and not 
the sura, is to be taken and dealt with as before. It is scarcely 
necessary to remark, that if the substance is known to contain 
only crystal! isable sugar, and the tube BC be filled, one obsematv- 
tion alone suffices. 

If tables are not at liand, the following formula can be used : — 
Let T be tlie temperature, S the sum or diftcreuco of the two 
determinations, P the rotatory power, R the quantity of sugar 
contained in 1 litre of the solution : — 


P 


2008 
288 - T 


_ P X 16-350 
^ - 


== P X 1 *635 grras. 


Professor instrument is a little more elaborate tlian 

Soleil’s, and of great accuracy. The eyepiece or analyser of the 
apparatus consists of a suitably mounted prism, made front a 
rhombic prism of Iceland spar. The rhombic prism is cut by 
two planes perpendicular to the longitudinal edges, so as to form 
a right prism. The prism is next divided by a plane parallel to 
the edge just produced, and making a small angle with the longer 
diagonal of the base. One of the two parts into which the prism 


* Mr. Alien, taking into account the fact that 95 parts of cane sugar 
equal 100 parts of inverted sugar, gives the followmg as the 8x>ecific 
rotatory power of the })rincix>al sugars : — 


Cane sugar, . 
Invert sugar, 
Dextrose, 
Levulose, 


+ 73*8<» 

- 25 *6® at 15® 

+ 67-6® 

- 108-8® at 15® 
•^Analyst^ 1880, p. 199. 
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is thus divided is then reversed, so as to place the base upper- 
most, and the two parts are connected together. 

Another distinctive feature of the instrument is, that the 
mechanical rotation of the analyser for the finding of any par- 
ticular plane is dispensed wjth, this function being transferred 
to* a fluid which has the power of turning the plane of polarisa- 
tion opposite to that of the solution to be examined. The 
analysing tube slips into, and moves up and down in, the compen- 
sating fluid, so that different thicknesses of the latter fluid can be 
readily intei'posed and measured by a scale fixed to the instrument. 

Tlie ScuocliarvinkiTe a Peiiomhres, of which the principle was 
enunciated by M. Jellet, as constructed by M. Duboscq, has 
some very great advantages. It requires the employment of a 
simple light, and the field does not present to the eye for com- 
parison two different colours, but two intensities, sensibly diverse, 
of one and the same colour, so that the least variation can be 
appreciated. The simple light is best obtained by the insertion 
of a bead of some salt of soda on a platinum wire in the flame of 
a Bunsen burner. 


CONFECTIONERY, —SWEETMEATS. 

§ 74. It would take many pages to describe the composition of 
the various kinds of sweetmeats in commerce : the basis of all 
is either cane or grape sugar, or honey, flavoured with appropriate 
essences, and coloured with various colouring matters. A great 
many common sweetmeats have a most definite composition, and 
it is evident that a deviation from the ordinary process of manu- 
facture must, if it should take the form of substituting inferior 
articles for, or the addition of matters giving weight to, that 
which is ordinarily sold, would be an adulteration. As an 
example ^‘peppermint lozenges,'^ or “peppermint drops,” are 
composed of albumen, cane sugar, and oil of peppermint. None 
of these ingredients have any amount of mineral matter, and 
peppermint lozenges, when burnt, do not leave as much as *2 per 
cent, of ash. Since they arc sold by weight it is easy to 
adulterate them by mineral substances ; but such an addition 
would be most decidedly fraudulent, and the analyst may justly 
certify accordingly. 

A large proportion of the common sweets contain nothing else 
besides sugar, for the manufacturer, by careful heating, is able 
to impart a quite surprising scale of colours, from the purest 
white to fawn colour, straw colour, reddish-brown, brown, to 
almost a jet black, by this agent alone. 



126 FOODS: THEIR COMPOSITION AND ANALYSIS. L§ 

Sugar-Candy is simply crystals of sugar obtained in a particu- 
lar way, and is of all colours — from the white candy, largely 
used for tho manufacture of artificial champagne, to all shades of 
yellow and red. As usually manufactured, tho purified sugar 
solution is concentrated to a specific gravity of 1*420 to 1-450, 
and then run into copper cones, flirough which are passed a 
number of threads ; these cones are heated with warm air, and 
the crystallisation occupies as much as from eight to fourteen 
days. The composition of white candy, made from pure loaf- 
sugar, is as follows : — 

Per eiorit. 

Crystallisable sugar, , . , . 80*00 

Uncrystallisable sugar, . Traces. 

^Vsh, . 

Water, 20 00 

The coloured candies may contain some mineral matter, and a 
good deal of uncrystallisable sugar ; copper may, as an impurity, 
be present. 

Composition of Sweetmeats Generally. 

Toffy. — Toffy is the melting of sugar with butter, and ether 
will extract a large amount of fat. — — 

The ice-coatiny of calces is composed of white sugar and albumen. 

A great many sweets are acidulated with citric acid, and a 
few have cavities within them, supposed to contain alcohol, but 
really a little syrup. Gum, tragacanth, citric acid, fruit .sugar, 
gelatine, albumen, fatty and flavouring matters, with the follow- 
ing colouring-matters, make iij) the usual harmless ingredients of 
the confectioner’s shop : — 

Red. — Cochineal, carmine, the juice of beet and of red berries, 
such as cherries, currants, <fec. 

Yellow. — Saffron, safflower, turmeric, marigold, Persian berries. 

Blue. — Indigo, litmus, .saftron blue. 

Green. — Spinach juice and mixtures of yellow coloui’s with blue. 

Black. — Chinese ink. 

Besides these, there are the aniline colours, which, when pure, 
have not been proved to be injurious. 

Analysis of Sweetmeats. 

§ 76. The analyst will naturally first turn his attention to the 
j>ercentage of sugar, and estimate the total amount in the usual 
way; and, if necessary, investigate by optical and chemical means, 
whether there is more than one kind of sugar present. The 
essential oils may be dissolved out by petroleum ether, and 
identified by their odour ; but the colouring-matter will, for the 
most part, be the cliief substance necessary to examine.. If the 
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colouring is only on the external surface, it is better to detach it 
by sciaj)ing or rasping, than to powder the whole substance up, 
for if the colour is carefully detached as pui’O as possible, tests 
may sometimes be directly applied without any further trouble. 
The colour by treatment with alcohol, witli water, and with 
l)l,eacliing powder, is (juickl/ referred either to the organic or to 
tlie inorganic division of chemical substances. With regard to 
organic colours generally, the reader may consult the sections 
treating of “ Colour,*' where full directions are given for their 
identification. If, however, the colour is apparently inorganic, 
tluui the following substances may be particularly tested for : — 
Among RED colours^ — iron ; 

„ YELLOWS — chromate of hoftium, and lead compouwhy 

arsenic and antimony ; 

„ OREf:isr — arsenic, copper ; 

„ RL i) E — P'i'ussian hhie ; 

,, WHITE — sulphate of barium, salts of zinc. 

A weighed portion of the scra])ed-oft* colouring-matter is 
burned to an ash, which is dissolved in liydrochloric acid, and 
tes ted with liydric sulphide, after adding just sufficient soda to so 
le-Ttralise the acid as to leave only a slight excess. Under these 
circumstHnce.s, lead, coi^per, or zinc, if present, will be precipi- 
tated ; while, if it is strongly acid, zinc would remain almost 
entindy in solution. Ammonium hydrosulphide is next added 
to the solution, which lias been boiled and filtered from any ])re- 
eipitate; this reagent wdll throw down iron, manganese, &c. To 
tost for chromium, it is best to boil the colouring-matter witli a 
solution of carbonate of jiotassium, when potassic chromate will 
lie formed, wliicli gives, in neutral solutions, a purplish precipi- 
tate with nitrate of silver. Barium is easily detected by fusing 
thti asli with carbonate of soda, dissolving the ash in dilute 
liydrochloric acid, and adding a little hydric sulphate ; a heavy 
cliai’acteristic precipitate of barium sulphate is thrown down. 
If barium is present, it may exist with evidences of chromium, 
in which case, in all probability, the colouring-matter was 
chromate of barium, or if the sweetmeat is not coloured by 
barium chromate, baryta sulphate may have been added simply 
to give weight. Arsenic and antimony are best discovered by 
boiling a little of the colouring-matter with coppex’-foil [Reinsch’s 
test] ;"aud although this test will not detect quite such a minute 
quantity as Marsh's test, it is sensitive enough. Copper is 
also best detected by electrolysis, the substance being placed 
in a platinum dish, acidified, and then a rod of zinc inserted ; 
or, the neater plan of connecting the dish itself with a battery 
may, where appliances are at hand, be preferred. 
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HONEY. 

§ 76. Commercial honey is the saccharine matter collected 
and stored by one particular species of bee (Apis mellifica) ; but 
the production of honey is by no means limited to the bee, for 
there is a honey-ant * in Mexico, which stores a nearly pure syrup 
of uncrystallised sugar. This is slightly acid in reaction, and 
reduces salts of silver like formic acid.t 

A wasp of tropical America is said to yield a honey in which 
are found crystals of cane sugar, but the evidence as to this 
latter point is not decisive.}; A curious sample of honey has 
been analysed by A. Villiers. § It was derived from Ethiopia, 
and is the produce of an insect resembling a large mosquito, 
which, like our wasp, makes its nest in cavities in the ground. 
It secretes no wax. The natives call the honey ^tazma/ and 
ascribe to it medicinal virtues, especially using it as a cure for 
sore throat. Its composition is as follows : — 

Per eent. 


Water, 26*5 

Fermentable sugar (levnlose with a sixth of glucose iu excess), 32*0 

Mannite, 3*0 

Dextrine, 27 ‘9 

Ash, . 2*5 

Loss and unestimated, . . 9*1 


The honey contained a non-nitrogenous bitter principle. 

The essential constituent of honey is a mixture of dextrose 
and levulose; it also contains mannite, wax, organic acids, pollen 
from the flowers, not unfrequently alkaloidal and bitter principles 
from the plants, possibly derived from the pollen, small quan- 
tities of cane sugar, of mineral matter, and invariably minute 
quantities of alcohol. There exist but few analyses of honey, and 
those that have been made are incomplete. The best and most 
reliable are those of Dr. Brown, w*ho estimated the proportion of 
the different kinds of sugar, &a, a.s in the following table ; btft 
made no determination of the volatile acids, of tJie alcohol, nor of 
the amount of mannite. The analyses are, however, quite com- 
plete enough to give an idea to the food-analyst as to what pro- 
portion of the main and valuable constituents he is likely to find 
in genuine honey, 

* The Myrmtcocyatus Mcxicanus, There are two kinds of workers — One 
the active iorm, the other sedentary— which produce the honey. The latter 
is the larger, and has a tumid abdomen; it never quits the nest. The honey 
is dischar^^ into proper receptacles, and from it the Mexicans make a 
pleasant drmk. 

t H. Maraten, Pogg, Ann,, c. 550. 

t G. M. Wethereli, CAem, Gaz,, 853, 72. 

§ Compt, Mend,^ Ixxxviii. 292, 293. 
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•nuoixoiv 


•'Bin.Kyil’O 


•tlDf'BlUWl* 


•HoriHiT 


•5|00JO 


•HTSIUJOO 


*XpuBnuo>; 




•qKi|SuM 


i 

I 



Ash, . 
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It will be noticed that the percentage of total glucose varies 
within very wide limits, the highest number being 79 ‘38, the 
lowest 68*40 per cent. — a range of nearly 11 per cent. Doubt- 
less the quantity of sugar stored by the bee depends on the 
age of the insect, “ virgin lionoy being notoriously of a bett(>r 
flavour and quality than that produced by old bees ; it also 
depends on the nature of the country, and the quality and quan- 
tity of food of tlie bee. The relative quantities of dextrose and 
levulosc range, in the table somewhat widely ; but if the whole 
nine analyses are taken, the mean gives nearly equal proportions 
of dextrose and levulose. 

The specific gravity of virgin honey is from 1‘425 to 1 ‘429 ; that 
of honey from old bees, 1-415 to 1*422, According to Buchner, 
some forms of honey reach a specific gravity of 1*440 ; the rota- 
tion of a polarised ray, produced hy a solution of 16*26 grins, 
of crude honey, is gciic?rally from - [^*2 to - 5^ at 15^*5 [/irow;?.]. 

The properties of dextrose and levulose have been already 
descril>ed. The other saccharine constituent of honey — mannite, 
— crystallises in four sided prisms, is soluble in 80 parts 
of alcohol of specific gravity 0*808, and in i*400 parts of absolute 
alcohol ; in boiling alcohol it is more soluble, but in ether it is 
quite injsoluble, and may be precipitated from alcoholic solution 
by ether. It has no action on polarised light. Its molting point 
is from 160*^ to 165'^; at 200^^ it boils, and may be distilled, a 
]>ortion being decomiiosed ; at higher temperatures it carbonises. 
It does not reduce cuprous oxide. All these properties readily 
distinguisli it from the other sugars. Chemically speaking, man- 
nite is a hexatoinic alcohol. Mannittj may he separated from 
lioney by boiling a ^veighed quantity of the Jionoy witli alcohol, 
evaporating down the alcoholic extract to dryness, and boiling 
this extract with absolute alcohol, concentrating the alcohol 
solution, and precipitating with ether. It is also probable tlu^t 
mannite might bo separated from tho other sugars by distillation 
in a vacuum, but the author has not proved it by experiment. 
Finally, it is possible to destroy all fermentable sugars by fer- 
menting them with yeast. This done in the oi'dinary way is 
tedious and imperfect ; hut if plenty of yeast be used, and the 
fermentation be allow^ed to go on in a vacuum, the alcohol and 
carbon dioxide are continually removed, and the process is not 
only speedy, but complete.* 

Honey Ls a substance likely to be much adulterated. Tho 
usual list comprises a number of starch-holding substances, all 
of them easy of microscopical detection ; but the most common 

* Sur la fermentation alcoolique rapide. M. J. Boussingault, Comptea 
Rendtiit, t. xci., 373. 
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adultei atlon is, without doubt, syrup made of cheap sugar. There 
is, indeed, a commercial American artificial lioney, which is 
entirely composed of glucose syrup, while the comb is also arti- 
ficial, and made of paraffin. The appearance of both comb and 
syrup is said to be superior to that of natural honey. In 
-t'xamining honey for adulteration, it will be necessary to make 
a quantitative analysis of the sugar it contains, and a micro- 
scopical examination ; if neither by the microscope nor by 
saccharimetry any marked deviation from normal honey is ob- 
served, a further analysis will scarcely be necessary. If, on the 
contrary, by the absence of grains of pollen, by the presence of 
a large percentage of cano sugar, or by any other deviation from 
normal honey, a fraud is suspected, it may be necessary to make 
a very complete analysis. With regard to the artificial American 
honey, the ])resence of paraffin in the comb may be easily 
ascertained. Pure bees’-wax melts at 62^ to 65®. Its specific 
gravity is d)G2 ; it contains cerotic acid, myricine, as well as 
ceroleine ; and, like other fatty matters, it is attacked and 
blackened by warm sulphuric acid. Paraffin, on the contrary, 
remains unacted upon, so that this test alone will suffice either 
to detect paraffin when pure, or to soi>arate it from other matters, 
such as waxes and fats, wliich are carbonised by sulphuric acid. 


TREACLE, MOLASSES. 

§ 77. Treacle, molasses, golden-syrup, and similar terms, arc^ 
used to denote a sweet syrup which is produced in the manufacture 
of sugar, and contains a mixture of sugar, partly caiie and partly 
fruit ; but the cane sugar, owing to certain salts and impurities, 
is uncrystallisable. The composition of these brown syrups 
varies according to the manufacture from which they are derived. 
The cheapness of treacle, <fec., is such that there is no very great 
temptation to adulteration, and no conviction under the Sale of 
Pood and Drugs Act has hitherto been obtained for adulterated 
molasses or treacle. The probable mode of adulterating the 
treacles would be by diluting with water. Cane-sugar molasses 
is alone used as an article of food, beet-root sugar molasses having 
an unpleasant taste. 

Some analyses, made a few years ago by Dr. Wallace,* of 
molasses, treacle, and golden-syrup, are as follows : — 

* ‘‘The Sugar Cane.” 1869. 
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W. Indian 
MolaHHOH. 

IVr cont. 

TroacIf\ 

Per rent. 

Golden 

Syrup. 

Per rent. 

Boot Sugar' 
Molaasps. j 

Per < ent. 

Cane sugar, . 


47-0 

32*5 

30 0 

4(i7 

; Fruit sugar, . 


20*4 

37-2 

.33 0 

*0 

: Extractive and onion 

ring- matter, . 

2*7 

3*5 

2'S 

15*8 

j 8alts, . 


2(> 

3*4 

2 5 

13 2 

I Water. . 

. 

27*3 

2.1-4 

2*27 

237 

i 

1 

100*00 : 

100 00 

100*00 

100-00 j 

1 specific gravit}', . 

1 

1 

‘ j 

1 *300. 

1 -4301 

1*415 

1 *405j 


Tlu‘ asii (»r iiiolassoj^ has tlio following; composition : — 


Por oorit. 

J^otassic chloritln, ....... l«S-70 

Potassic sulphate, . . . 4*18 

Potassic carbonate, ....... oJPStl 

Sotlic carbonate, . . . 20\S1 

Calcic carlMUiate, ...... 

Ma^i^nesic <?arbonat«, ....... *27 

Moisture an<l loss. ...... I ’Stl 


.J.AM. 

§ 78 . Jam consists of variotis species of fruit preserved by 
boiling in strong syrup. Most jams are vcny readily adiilteratc^d, 
since any tasteless vegetable tissue, such as vegetable marrow, 
turnips, tfec., when mixed in jam cannot be readily detected by 
the palate. Tlie chemical composition of the various jams ig 
simply the chemical compo.sition the fruit juice and fruit 
itself, with the loss of a few volatile constituents and the 
addition of cam? sugar. The latter may be in part inverted by 
the action of the organic acids or fernujjits so constantly found in 
fruit. The detection of adulterations of jam is mainly micro- 
scopic; but, at the same time, in many cases a careful observation 
of the absorption-spectmm will assist the diagnosis. In order to 
carry out this successfully, in addition to tlie ]*recautions before 
described, it will be safest in all cases to use comparison lirjuids ; 
and those who devote themselves to this study, should have at 
hand a variety of genuine jams of different ages. The mean 
comj)08ition of the more common kinds of fruits is detailed in 
the following table : — 
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TAliLE X.-lOO PARTS OF THE SEED FRUIT. 

I ■ ■ : '"‘“i ■: ; T~ 
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A]>ple, 

. ^ 83*58 

0-39 1 

0-84 

7*73 

5-17 

1--98 ; 

0-3) 

' Pear, 

. 83-03 

0*36 ! 

0-20 

8-26 : 

3-54 

4-30 

0-31 

! Plum, 

81-18 

0-78 1 

0-85 

6*15 

4-02 

5-41 

0*71 

1 Prune, 

: Pcaclies, 

84-8G 

0*40 ; 

1-50 

3-56 

4*08 

4*34, 

0-66 

80-03 i 

: 0 *05 j 

0 02 

1 4-48 i 

7*17 

1 0*CH3 

0 09 i 

‘ A|»ricot.s, 

. ■ 81 *22 i 

0 40 

1 1(5 

4 *60 5 

0*35 

i 5*27 

0*82 ■: 

Cherries, . 

SO *20 ; 

0*02 

0-91 

10 *24 : 

1-17 

: 0 *07 ; 

0-73 ! 

<1 rapes, 

. 78-17 ' 

0*50 i 

O’TS) 

24*30 

1-90 

048 

' 3*60^ 

0-53 

Strawberry, 

87 *00 ; 

1-07 

0 S»3 

0-2S 

! 2-32' 

0-Sl i 

: Raspberry, 

. 80 -21 i 

U*53 

1-3S 

3*05 

1 -54 

5*90 

0*49 i 

; Bilberry, . 

. i 78*36 j 

0*78 

1 Wi 

5 *02 : 

0*87 

12*29 ; 

1-02: 

i Blackberry, 

. 80*41 i 

0*51 ; 

119 

4-44 

1 *70 

5-21 : 

0-48 i 

; Mulbcirry, . 

. • 84*71 i 

0*30: 

1 -8(5 1 

910 

2-31 

0-91 i 

0-00 ‘ 

! Gooseberry, 

. 85-74 i 

0 47; 

1 42 ! 

! 7-03; 

1*40 

3-52 

042 ; 

Currant, 

. : 84*77 j 

1 O-oJ i 

215 i 

i 0-3S ; 

0*90 

j 4-57 ■ 

i : 

0*72 


Brief Notes of the Microscopical Structure of Certain Fruits. 

§ 79. A2)ples and Pears, — Both aj)j)les nml pears contain 
Jiuiiieroiis dotted ducts and spiral vessels. There is no very 
distinctive peculiarity about these ducts, but in the core will be 
found a strong horny meiiibraiie witli spiculated cells, crossing 
one another at )'iglit angles, forming altogether a very singular 
tissue, and one which, once seen, can always be recognised. 

Damson. — The skin of the damson is composed of at least two 
distinct species of cells underlying the transparent epidermis. 
One kind is a double row of reddish-purple oblong or oval cells, 
having, when seen in section, an average length of *00232 inch, 
and an average breadth of about -000928 inch ; seen from above 
(as in tearing off a shred of tlie tissue) they form a beautiful tive- 
• and six-sided mosaic pattern, the size of the cells being from 
about *000028 to 001 IG inch. The blue cells are very similar 
in shape and size to the reddish -purple ; below the blue there 
are some loose cells containing cldorophyll. Hence the beautiful 
colour of the damson is the combined effect of the blue, the red, 
and the gi*een shining through the transparent epidermis. The 
}>ulp contains the usual large coloiudess globes or cells, of *0116 
inch average diameter (A, tig. 15). Spimt vessels are numerous; 
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on the surface of the dark- 
coloured epidermis. The 
breadth or thickness of the 
skin is *00814 inch. By the 
use of bleaching pow<ler, a 
small portion of the skin may- 
be deprived of its colour, 
either partially or wholly, 
according to the judgment 
of the o})erator, and then 
will be seen a inapy)ing out 
of the whole surface into 
lobes by cells so i)laocd that 
they form a network. 

Plum , — There are at least throe distinct structures to be seen 
in the boiled and preserved plum : — 1. The epidermis, consisting 
for the most part of a pavement-like layer of little square or 
irregularly oblong cells, filled wdth a granular matter (c, fig. 10), 
the size of the cells avemging from about *000696 to '00116 inch ; 
the general distribution of the.se cells is somewhat circular. 
Scattered tolerably uniformly are patches of a deeper colour with 
larger cells, the patclies being irregularly circular, and the centre 
of tlie patcli an empty space, wliich possibly is a much deformed 
stoma. The pulp consists of the very common large globular 
cells (a, fig. 16), of about *12 to '14 inch diameter, almost pei*- 
fectly transparent, with a shrivelled mass within. Lastly, there 
are some beautiful masses of compound cells, varying in size from 
*016 to *48 inch (6, 6, 6g, 16), the length usually being from one 

and a half to three 
times the breadth. 
These compounds are 
either prismatic in 
shape or oval, while 
a few resemble long 
tubes. The number of 
cells thus bound to- 
gether is very vari- 
able, since from seven 
up to twenty-seven 
may be counted on 
one side. The little 
cellular members of 
the composite are 

five-sided cells of an 

if. Pulp ckls; h, bf compound cells; c, a ]K)rtion of average length of *06 
epidermis. inch. 



stomata are occasionally to be seen 




Fig. 15- -a, Epidermis of damson ; b, 
X»ulp cells, xll5. 
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Oranges — Lemons; Marrmilade . — Marnmlade is made by pre- 
serving sliced lip oranges or lemons, or both combined, in a 
strong syrnj). Orange marmalade is properly made from Seville 
oranges only, lemon marmalade from lemons only. It is not 
practicable to distinguish by the rnicrosco[)ic structure alone 
tvlietlier the substance is orange or lemon, or to what species 
the orange or tlie lemon belongs. It is, however, most easy in 
marmalades to recognise substances foreign to maimalade, 
because the structure of the vegtjtable tissues used is very 
distinctive. Good marmalade is wholly composed of fine sections 
of the fruit : on selecting the thinnest of these sections, or (what 
amounts to the same thing) cutting and preparmg a section, 
tliere will bo three structures to notice. It will be observed that 
the colour layer is very thin, and composed of layers of yellow 
colls (a, fig. 17), many filled with oil, and liere and there large 
cavities, covered with a thin transparent epidermal layer. 
The size of the cells is small, about 
*000147 inch in diameter. Beneath tlie 
yellow layer there is a deep layer of 
colourless cells, traversed by a network 
of bundles of vessels, each bundle con- 
sisting of a dozen or more spiral vessels, 
of small diameter, in the midst of the 
ordinary elongatea fibre-like cells. In 
this layer are large cavities, *0415 inch 
diameter or more, ami around these 
cavities the cells are applied in concen- 
tric layers. The pulp of the oi*ange pre- 
sents a number of soft and thin-waOed of orange, x 20. a, I^yer 
e^lls without any yeiy distinctive pocu- "uite ^rte"*, 

Ijarity. Large spirals, large oval cells cavity and vascular twigsj. 

and structures, dissimilar to the above, 

will be suspicious sigu.s, and will denote adulteration. 

llie Strawberry may be readily distinguished under the micro- 
scope by the great number of very small seeds wdiich are scattered 
on the exterior of the fruit. These seeds are jiyriforra and very 
I'egular in size, being about *038 inch wide at the broadest end, 
and *07 inch in length. The coat of the seed is almost smooth ; 
under a high magnifying power it may, however, be seen to be 
.slightly tuberculated. Rich seed is attached to the central part 
of the fruit by means of a va-scular bundle formed of delicate 
fibres and spiral vessels; and the consequence of this structure 
is, that the stmwberry is full of apii*al vessels, all of minute size 
and very transparent. The cells seen when jam is examined are, 
for the most part, collapsed and shrivelled ; those that are not so 
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aro large oval or pyrifornj cells, often containing sliiivellod cell 
contents. Common moasurements of these cells are *008 inch 
small diameter, *0170 inch long diameter for the oval cells, and 
for the pyriform *0130 inch broad end, *0184 long diameter. 

The Raspberry lias its seeds reticu- 
lated, and ill most jams the form of the 
fruit is preserved quite sulficiently for 
recognition. 

2'kc Goosebey'i'y has an epidermis iu 
which can be seen a mosaic pavement 
of cells, and tlu? fruit also }>ossesses 
clavate hairs. 

The Blackberry — the seeds are reticu- 
lated, and the cuticle covered with 
stellate hairs. 

Curratiifs, — l>oth the black and the 
red currant are similar in structure : 
the epidermis is covered with an ex- 
cessively thin membrane, showing sinu- 
ous wavy divisions, and set with simple 
liairs. lleneath the outer membrane are 



Fig. 18.— a, Pulp cells of 
strawberry, x 115 ; 6 , straw- 
berry seed, X 20 . 


tJie colour layers, consisting of little square massc.s with rounded 


a 



Fig. 19. — a, A shred of ej>idor- 
mis, showing the sinuous markings 
in one portion, and the under layer 
of cells in another ; h, the com- 
|X)und bodies, x 115, 


angles about *00021) to *00030 
incli diameter (a, fig. ID). The 
pulp is made up of thin-walled 
cells, and, lastly, Ijore and there 
may be found peculiar coinpouud 
b<»dies, i, attached to the inner 
layer of the epidermis. These 
are about *0058 inch in length and 
*0015 inch in breadth, and are 
formed of a number of oblong cell^f. 
So far as known, these bodies are 
found only in the currant. 


STARCH, C 0 H 10 O 5 . 

§ 80. It is convenient to consider the starches together, move 
especially as, however varied in form, the chemical composition 
cif all starch is very similar, if not identicaL 

Rvevy starch corpuscle is composed of at least two probably 
isomcnc bodies, the one granulose,'* soluble in saliva, and 
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coloured blue by iodine ; the other coloured by iodine y)ale 
yeJlow, and only becoming blue after the addition of sulphuric 
acid ; it is fully soluble in ammoniacal oxide of copper, and 
appears to agree very closely with the characters of ceUidose. 

These two substances may be most readily separated by 
diluted chromic acid, which dissolves granulose very easily, 
whilst ctdlulose reinains unaltered. Ail starch is very hygro- 
scopic : wlieat starch, dried in a vacuum, still contains 11 per 
cent, of water, and air>dricd from 16 to 2S per cent, of water. 
Starch is insoluble in cold water or sjnrit. Some chemists, 
indeed, assert tliat if finely powdered in agate mortars, or with 
quartz sand, a small portion dissolves ; others contend that this 
is no true solution, but the starchy matter in a state of most 
minute division. If wanned wdih water, the starch granules 
swell, and wdien heated up to 100^ most starches form a semi- 
solution in water. True compounds of starch with bases are 
scarcely established. Lime and baryta appear to form weak 
unions, and th(^ intense colour proilueed by iodine, as well as 
bromine, seems to ])oint to the formation of haloid combina- 
tions, i\*itsche, indeed, states that he has isolated the iodide 
and the bromide of starch, the former containing ten equivalents 
of starch and one of iodine. 

Starch heated in closed tubes up to 100' C. changes gi'adually 
into soluble starch. If the temperature is raised up to IGO"^ or 
200'Xl, it forms a transparent ma.ss, consisting \vholly of dextrine. 
At 220'^ to 280"^ still further change is produced, and the result 
is 2 >y'»' 0 fhxirine, a substance easily soluble in water (but insoluble 
in absolute alcohol and ether), and with the composition of 
^^ 48 ^^ 30 ^^.% higher tem])eratures there is carbonisa- 
tion, and the formation of products similar to those caused by 
the decomi)osition of sugar. 

Starch is easily changed into sugar by the action of dilute 
mineral acids, as well as by oxalic acid, aqueous chloride of zinc, 
and by certain ferments — diastase, saliva, yeast, kc, 

Tim estimation of starch in organic bodies generally is best 
carried out as follows : — ^The powdered and dried substance is 
heated in a 5 per cent, solution of caustic potash in absolute 
alcohol, in a closed tube, in the water-bath for twenty^fouv hours, 
and filtered while hot. The residue is washed first with absolute 
alcohol, and then with ordinary alcohol, dried, and heated with 
a solution of 2 per cent, hydrocliloric acid, in a liask fitted to a 
vortical condenser^ until & blue colour is no longer produced 
by iodine. (See also p. 113.) The sugar is then estimated in the 
ordinary way. 
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Microscopical Identification of Starches. 

The successful microscopical examination of starches rctpiires 
])raotieal study, and those who desire to identify them must use 
all drawings and descriptions as guides merely. It is not (»jisy 
to preserve starches mounted as microscopical objects,* and the 
jinalyst is therefore recommended to fit up a little case, in small, 
wide specimen-tubes, so’ that he can have at band a .sam])ie 
i)f every kind of starch possible to be obtained. These samjdes 
should be arranged in the five following classes, partly based on 
Dr. Muter’sf class ilicat ion, 

A high magnifying power is not required, save for the very 
minute sta relies, such as rice and pepper. For ordinary Avork a 
magnifying jiower of diameters is ample. Dr. ]M liter’s classi- 
fication of starches was fontid<>d on observations with a li 
micrometer eyepiece and a /^-incli power. 

It is also useful to observe the various samples of starch, and 
make tables of their dimensions. The proper way to do this is 
to put the smallest possible quantity of the widl-mixed starch on 
a glass slide, add a drofilet of distilled water, cover with a thin 
glass, take the exact size of all the starches in the field, enu- 
merate them, and work them out into percentag(‘s for future 
reference. 

Tlie illumination of starches is to be particularly attended to. 
The light must strike obliquely through the granules, in order 
to obseiwc tlie rings, wliich ai’e by no means so easily seen as 
diagrams would indicate. 

Polarised light is also useful, especially in the diagnosis of 
certain starches. Tlius, the polaris(?d starch of wheat, wliou 
examined in water, exhibits a dull cross ; that of Jalap, in 
shape and size like wheat, polarises brightly. Polarised light, in 
conjunction with a selenite plate, will also be found of greSit 
service. Kfjd and green selenites are best, and give a beautiful 
play of colours with the arrow-roots and potato starch 3 while 
the starches of wheat, barley, rice, and oats, scarcely show any 
colour. The whole of the starches of the Leguminosje are, so far 
as they have been hitherto examined, likewise destitute of tliis 
power of brilliant colouration. A ^-inch object-glass, witli an 
A eyepiece, will be found better adapted for this method of 
research than higher powers. 

If adulteration in any case has been made out, approximative 
quantitative results may be obtained by making a standard 

' According to Muter, a mounting medium of 1 part of glycerine to ‘2 of 
water preserves the characters of starch longest, 
t “ Organic Materia Medica.” London, 1878. 
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mixture of tlie jjenuinc starch with the adulterant found, and 
then counting the individual grains in the microscopic field. 
Thus, for example, supposing oatmeal to be found adulterated 
with barley-starch, and from a piHjliminary examination the 
mixture is thought to be 40 per cent., we proceed as follows : — 
•Pure barley-meal and oatmeal are carefully dried at lOOX^ and 
mixed so that tlie mixture is exactly 40 per cent. A few grains 
of this powder are now rubbed up with |jlycerine and alcohol 
into a smooth paste, wliich is then further diluted to a certain 
bulk, a drop taken out with a glass rod, and covered with a 
glass, which is gently pressed down. Tlie number of grains of 
barley and oat starch are now counted, and tlieir relative pro- 
])artion noted, and an exactly similar process is applied to the 
oatmeal in (piestion/^ If proper care be taken to repeat the 
experiments, the result is a near approximation to the truth. If 
photographs are taken of these mixtures, they are always jit hand 
for reference, and much time is saved. 


DIVISION I. --Starches showing a Play of Colours with 
Polarised Light and a Selenite Plate. 

Class I. — The hilnm and concentric rim/s clearly visible^ all the 
starchce oval or ovate. The ffroup inchulci^ tons les mots, ^x}tato, 
arroiv-root^ calumbaj orria-rootj yinyer, yalanyal^ and turmeric. 

Tons les niois^ or Canna arrow-root, is furnished by the Camia 
edulis, nat. order Marantacem, The granules vary in diameter 
from *0469 to *132 mm. [ 0018 to *00r>2 inch]. They present 
tliernselves under .several forms, the smaller being granular or 
ovoid, the larger pyriform, wliilst the largest granules are fiat, 
ovM, and pointed at their extremities. The liilum is annular, 
eccentric; the rings are incomplete, extremely tine, naiTow, and 
regular. The starch dissolves easily in boiling water ; solution 
of potash causes the granules to swell rapidly, and gives to tJie 
hilum and lines remarkable clearness. 

Tons les ruois can only be confused with the potato ; the size 
is the chief distinction. The granules bur.st in water at 72^, 
and they give a more regular cross wlien examined by polarised 
light than those of the potato. 

Curcuma arroiv-root^ which is also called East Indian (though 
the arrow-root ordinarily sold as JEast Indian is a Maranta), is 
furnished by the Curcuma anyusiifolia, TJic gi*anules are elon- 


See a paper by E. L. Cleaver, F.C.S., Anahji<t, January 34, 1877. 
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gated triangular, or iiT(?guhirly oval, flattened, and almost trans- 
j)aroiit. The normal measurement varies from *0304 to -0609 mm. 
[•0012 to *00238 iiicli]. The hilum is eccentric, not very distinct; 
the concentric rings are clejfi’ly visible, and form segments of a 
circle. The a]>|)lication of heat or a solution of potash deforms 
the grains in a very irregiihir manner; they begin to swell 
about 72 . 

Maranta arroiv-Tool^ syn. Jamaica, SL Vi/icoit, is dfuived 
from Maranta nriindinacete. The gi*anule.s are Boniewliat ovoid 
flattened, and tending to a triangular shape in tlm largtu', but 
the smaller may be circulai*. The concentric layers are always 
visible and numerous, but not very marked. Nucleus is central, 
or about J eccentric — in some circular, in otliers linear ; from 
the nucleus a little slit, tilled with air, often goes to tlie edge. 
Length of granule 0*010 to 0*070 mm., averagti O OoG nuu. 
[ I' *00138 inch]. Tiiniefaction in water begins at 7(1 . The 
specific gravity of the starcli taken in petroleum or benzoles is 
1*504; if dried at 100 , 1*505. 

Natal arrow-root is probably tiie produce of Maranta arvn- 
dinacem, the same plant from which Maranta itself is derived, 
but growing in a different climate. The majority of the granules 
are broadly ovate, but some are occasionally cii‘cular. The 
dimensions are from *0327 to *0375 mm. [ *00)29 to *00148 inch]. 
TJio eccentricity of the hilum ranges ]>etween and The 
lamina; appear under water with special clearness, and on this 
account graniiles <>f Natal arrow-root liave been fre(pientiy mis- 
taken for those of the potato. 

Potato starch, syn. Potato arroio-root . — The starcli derived from 
the potato (Solanwn tuberosum), Tlie granules vary greatly in 
sliape and size, some being small and circular, others largo, ovate, 
and oyster-shaped. The hilum is annular, and the concentric 
rings incomplete. In the larger granules the; rings arc numerous 
and distinct. Tlie normal dimensions are *00 to *10 mm. [*0024 
to *0039 inch]. The eccentricity averages -J. The granules float 
on chloroform. 

Potato starcli is frequently used as an adulterant of the arrow- 
roots. The most reliable method of examination is careful 
microscopic observation, but there is also a dijffereut behaviour 
with regard to reagents, viz. : — 

(1.) Maranta arrow-root, mixed with twice its weight of 
Jiydrochloric acid, produces a white opaque paste, whereas potato 
starch treated similarly pi’oduces a paste transparent and jelly-like. 

(2.) Potato starch evolves a disagreeable and peculiar odour 
when boiled with dilute sulphuric acid, which is not the case 
with aiTow'-root. 
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i 3.) An acrid oil may bo extriict(?<l from tlio starch of the 
ato, but not from that of the Maranta. 

Ginger. — 'Flie grauiil(?s are variable in sha])e, but characteristic. 
Tlie usual form may be described as shortly conical with rounded 
angles; the hilum and rings are very faint. Measurement about 
0370 mm. [- *00148 inch]. 

Tlio romiaining starciies Ixdonging to tills groin) are distin- 
guished as follows : — • 

Galangal granules, skittle-shaped, with faint incomplete rings, 
an elongated hilum, with a normal measurement of *0342 mm. 
[•001 35‘ inch]. 

Calumha. The starch gi'aiiules of Oalumba are variable in 

form, most of them are }>ear-sliaped. They have a semilunar 
liilum, and faint completii rings. The measurement is about 
■Oino mm. ( *0018.5 inch]. 

Orris-root. — The starch granules are of a cliaracteristic, elon- 
gated, oVilong slia}>e, with a hunt hilum. ]\Ieasuremeut *028 mm. 
[ 00002 inch]. 

Turmeric has oval, oblong, conical granules, with tln^ rings 
well marked and incom 2 >lete. Normal measuivunent *0376 mm. 
r-00148 inch]. 


DIVISION II. — Starcjiks siiowixn xo Iridescknce, or 

SCAUCELY ANY, WHEN EXAMINED RY POLARISED LiGHT 
AND SeLKMTES. 


('h.ASS II. — The concentric rings aU hut invisibk : hilum stellate. 
To this group belong the starches of the bean, pea^ maize, lentil, 
Jari, and nutmeg. 

The iiuchms of the Leguminosie is seen nsually as a long, more 
or less st(‘lla.te, airdilled black hollow. Tlie concentric layei'S are 
recognisable if the starch is treated with chromic acid. 

The atfiroh from the bean, pe/i, and lentil are in shape oval, 
oblong, and almost identical ; but the bean and pea have both a 
stellate liiluin, wliilst that of the lentil is a long depression. 
The granules of the bean are fairly uniform in size, averaging 
*0343 mm. [*00135 inch] ; tliose of the pea, on tlie other hand, 
are very variable in sizes, ranging from *0282 to *0177 mm. 
[ 00111 to '0007 inch], the smaller size predominating* The 
lentil granules avt 3 ragc *0282 mm. [*00111 inch]. The granules 
of the nutmeg are of small size and of characteristic shape. 
Measurement about *014 mm. [*00055 inch]. The starch from 
the dnri is in small elongated hexagons; average size *0188 mm. 
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[ 0007 4 inch! Th« starch from maize varies in shape from round 
to polyhedral; tlie granules are the same size as those of the dari; 
the distinguishing mark is the rounded angles of the polygonal 
granules. ^ 

Class III . — Starches havin<j both the concentric rinfjs and hilum 
inrisihle in the. majority of granules. This important class 
includes wheat, barley, rye^ chestnut , acorn^ and a variety of 
starches derived from medicinal plants, such as Jalap, rhuharh, 
senega, <L'c., d:c. 

Wheat starch is oxtrenudy variable in size, being from *0022 
to *0r)2 rum, [*00009 to *0019 inch], Tlie granules are circular, or 
iK'arly so, and dattencd. Polarised light shows a cross, but in 
water the effect is not great. 

Barley . — Tlie granules of barley are of fairly uniform size— viz., 
■0185 mm. [*00073 inch], but a few measure *07 mm. The shape 
of the starch is that of slightly angular circle's. 

Rye , — Kye starcli is similar in shape to barley starch. The 
measurements are from *0022 to *0375 mm. ['OOOOO to *00148 
inch]. The small granules are jierfectly round, and here aiul 
there cracked. 

Chestnut — Tlie startdi grains vary much in form; they are 
round or elliptical, or three- or four-angled, with the angh'S 
rounded. In the jilace of a nuchm.s there is almost always a 
central hollow filled witli air. The size is small and regular, 
being from *0022 to *022 mm. [*00009 to *0009 inch], and this 
regularity of size is tlie cliief means of distinction. 

Acoint . — Tlie starch granules of the acorn are almost round, or 
round-oval. A nucleus may be made out after treatment with 
chromic acid ; eccentricity Normal measureraent *0188 mm. 
[•00074 inch]. 


('LASS IV . — All the (framdes truncated at om end. This class 
includes sago, tajnom, and arum, besides several drugs — viz., tlm 
starches from belladonna, colchicfkim, scammony, jwdophyilum, 
canella, aconite, cassia, and cinnamon. 

Sago , — A starch obtained from the jiith of certain species of 
palms, especially Sagus levis, and S, ItumphiL It exists in com- 
merce as raw and as prepared sago ; both liavo oval-ovate granules, 
the normal measurements of which are from *0282 to *0060 mm. 
[•00111 to *0026 inch]. There is a circular hilum at the convex 
end of the raw sago granules, and rings are faintly visible ; but 
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starch granules from prepared sago have a large oval or circular 
depression, covering nearly one-third of each granule. 

Tapioca is a starch furnished by the ManUutt idilissima^ which 
is more or less altered by heat, having been dried on hot plates. 
This causes some of the granules to swell, and thus renders indis- 
tinct in some cases the original structure. Tlie starch is in groups 
of two to eight, or in isolated granules. Wlieii resting on its Hat 
.surface, the granule shows a little circle, and round this is a broad 
Hat zone; but if resting on its curved surface, the granule show.s 
contours varying from a kettle-drum to a sugar-loaf shape; and 
it can then be recognised that the nucleus does not lie in tlie 
centre, but in the axis of the granule, and always nearer to the 
curved than to the Hat surface. A conical hollow exists under 
th(? nucleus, fdled with a substance slightly refracting light. 
The normal measuremont is from *0140 to *01879 mm, [-OObn^l 
to *00074 inch]. 

Arum starchy sometimes called arum arrowroot^ lias somewhat 
smaller grains than tapioca; tln?y are truncated by two fleets; 
the hilum is eccentric. The normal measurement is about 
•(H4 mm. [*00050 inch]. 

Class V. — Tn this class all the granules are angular inform; it 
incluths oatSy tacca, rice, and pepper^ as ivell as ipecacuanha 
starch. 

Oat starch or 7neal, ~T\\e starch of tlie oat is mostly jiolyhedral, 
being irregularly from tliree- to six-sided — *0044 to *03 mm. 
['00017 to *00118 incli]. The principal skirch with which it has 
been found adulterated is barley ; but great caution must be 
used, for oatmeal contains little round masses extremely similar 
to barley. 

Tacca. arrow-root^ also called Tahiti arrov^-root, is extracted from 
the Tacca Oceanica and pinnati/ida. The granules, when viewed 
sideways, are muller-shaped, with truncate or dihedral bases; 
when seen endways they appear circular, occasionally angular or 
polyheilral ; sonuaimeB a sort of coutraetioii gives them a sub- 
j)yriforiii ajjpearanco. The liihim is wtdl developed, often starred. 
The normal measurement is from *0094 to *0190 mm. [*00037 to 
*00075 inch]. It may be confused with maize starch, but tacca 
has sharp angles ; maize, rounded. 

nice starvli, — Each individual grain is polygonal, mostly five- 
or six sided, here and there three-sided. If a high magnifying 
power, siicli as J or be used, a starred hilum may be seen. 
The normal measurement is from *0050 to *0076 mm. [*0002 to 
•0003 inch]. 
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Pepper. — The starch of pepper is in small pol 3 ’’goual grannies, 
each of which, >vith a high magnifying power, is seen to possess 
a hihnn. The normal measurement is from *0050 to *0005 mm. 
[•0003 to *00002 inch]. 

§ 81. Vog(»l has given the following table to assist in tin* 
diagnosis <^f dilleri'nt stai*ches 

A. Oham i.Ks, SixoLi: TiiHororrorT, isoi-xdkd hy KonxnEi) Suskacks. 

T. Nucleus ccotral, layers concent rio. 

{•!/.) the most part round, at the side lens-shaped. 

Nucleus round or a radiating slit. 

{{.) Larvae irranuhs, 0 0300 to 0*0528 nun. [ 0015 to *002 inch] -RYE 
STARCH. 

(2.) Lariire givinules. *0352 to *0390 mm. [0013 t<» *0015 inch] —WHEAT 
STARCH. 

(3. ) Largo granules, *0204 mni. [ *00 1 inch] — BA R LEY ST ARCH. 

{b.) Egg-shafjed, kidney-sha])od, mostly a long, often a ragged slit ; diameter 
of starch, *032 to *079 mm. [*(X)12 to *003 inch] — LEGUMINOUS 
STARCHES. 

I I. Nucleus eccentric, rings markedly eccentric or irieui.scus-shap<Ml 
(a.) Granule not flattened, or only slightly. 

(I.) Nucleus mostly at the .smaller end, M)0 to *10 mm. ['(K)23 to *0039 inch] 

—POTATO STARCH. 

(2.) Nucleus mostly at the broad end or towards the middle, *022 to *0«10 
mm. [0008 to *0023 inch]— MAR ANTA STARCH, (W. India 
arrow-root). 

(b.) Granule rimre or leas markedly flattened, 

(1.) Many of the granules drawn out more or loss at one einl into a . short 
point near the nucleus; at the most, ‘000 long [*0023 inch] •— 
CURCUMA ; at the most *132 mm, [*0041 inch]— CAN N A. 

(2.) Many lenc^hened into a disc, hean, or club-shaped form; nucleus near tlio 
broader end, *044 to *075 mm. long [*0017 to *0029]— BANANA 
STARCH. 

(3.) Many markedly kklney-shapc3d ; nucleus near the edge— SOUTH 
A M E R ICA N A R R O W-R OOT {Sysirlnchrum fjalnxoid(..H). 

(4. ) Egg-shaped, one end ‘thinning into a w’'edge form, placed one against 
the other, nucleus at the smaller end. *05 to *07 mm. [*0019 to *00*27 
inch]- YAM STARCH. 

fk Starch Granulks, Single or Compound. Single Starch ks with 

R ELATION TO THE LiTTLK GRAN ITLKS THEY ARE MADE UP OK Bounded 
by even, many-augleil surfaces, or partly by rounded surfaces. 
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1. (;ranulc8 throughout many-angled. 

(1.) With an evident nucleus, largest *01)00 mm. ['00025 inch]— RICE. 

(2.) Witliout a nucleus, the largest *0088 mm. [*00084 inch]— MILLET 
STARCH. 

Tl: Among many angular forms also some rouinh d. 

(A.) No drum-shaped starclies present, angular forms predominating. 

(1.) Without a nuelous, very small, '0044 mm. [000 Hi inch] —OAT STARCH. 

(2.) With a nucleus, *01,82 to *0220 mm. [*0005 to *0008 incli]. 

(f/.) lOvii lent round nucleus, here and there, the smaller eomhiiicd, granules 
in variously .sliaped groups — BUCKWHEAT. 

(A.) Mostly a riidiating or star-sha}>ed fissure, none of the granules united-- 

MAIZE. 

(IL) Mure or less numerous drum-shaped to sugardiat shaped granules. 

(1.) Numerous eceentric layers. Largest urannles, 02*20 to '0852 mm. 
[ (KH)8to 0014 inch]— BATATA STARCH. 

(2.) Without eoiicciitric circles, *008 to 022 mm. [*0003 to *0008 iuclij. 

{f 7 .) Tlie slit of the drum-shap€Hl particles enlarged towards tlie fiattened 
side, *008 to 022 mm. [•0(X)8 tu *0^.K)8 inch] -CASSAVA STARCH. 

{h.) Slit wanting or not large. 

(oo.) Nucleus .<%tnalL eccoutric, *(>08 to *0l(i mtn. [‘(KK)8 to •OCKIG inch] 

PACHYRHIZUS ANGULATUS. 

(V7.) Nucleus small, central, or wanting. 

(fffia.) Irregular many -angled forms, *00t), *4V)vS to *0170 min. [ 0008 to *0007 
• inohj SECHIUM STARCH (Cucurhitacea). 

Only a few angular forms, some with a radiated fissure, *008 to ■017(> 
mm. [ 0008 to *0007 inch]— CHESTNUT STARCH. 

(\ (JuANULKS SlNOI.K .\NI) ('oMPOrNO, TITK MA-IOUITY Eoo-S 1IAPKI> AM» 
uorNDF.i) WITH I'F.N rme NecLErs am> Ni mekoi s (a)NcENTKit' 
IjAYEKs, the CoMi'or.NO Ma.^ses c'o.mposfu of a IjAKcf. tipANi-ij: 

AND ONE OU A FEW VEUY Sm A F.l, Fl.-VITEN KD l)P.i: M SHAPED BoDIKS 

*025 to *000 mm. [*1)0007 to *0025 inch] — SAGO STARCH. 

Karniavsch has deternuiiml the muxiinum size of some of the 
starches. Kannarscli's values, ns well as Wiesuev's, are arranged 
in tlie following Table (X I.) Tliey differ in a few instances from 
tJic dimensions the author has given at pp. 189-144. 
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TABLK XL 


Kiirniarsoh. 

Wiesnor. 

i 

mm, : 

Inch, 

nun. 

Inch. . 

Ooneral size of potato, 1 

•100 1 

•oo;io 

•01 j to -10 

•0024 to 0030 

Maximum, . . ! 

•IS.) ! 

•0070 

... 

• , 

Maranta starch, . . I 

‘140 I 

•0055 

■01 07 

•0004 to 0028 

llogbeaii, Vh'ki faha, . 1 

•075 ; 

•00-_’!) 

■005 

•0025 

•*>ago i 

•070 1 

•00*27 

•033 

•0012 

Linseed, . . . : 

*007 i 

•00-2(! 

•o;« to 030 

•0012 

Coniniou bean, . . ; 

•0(;;{ ! 

•0024 

•057 

•(M)2I 

Poa, . 

•050 i 

•001 0 

•02S3 

•0011 

Wheat starch, 

•050 1 

•a»io 



Batata, 

•045 j 

•(MBS 

•0300 

•ooit 

Kye 


• ■ ■ 

•031 

! *0012 . 

Oat 


• • • 


. 

Maize, 

'fapioca, 

*030 ! 

•0012 

•020 

j -0007 

•028 

•0010 ' 


« • • 

Bice 

! 


i 022 

i -CHIOS 

Barley, . . : 

•0‘_*.) • 

•oomi 

j •0203 

1 -OCHIT 

Millet, 

Buckwheat, 

•010 i 

•(K)04 

•000 

•0003 

1 


JUBLIOOJLXLllV. 

A ALE ns. — Mtitliodo pour essayor la ])nrct6 do rarrowrooL Arch(i\ drr 
Phrirm,^ Jottrn. Phartn. vt P/thn., 4o sorio, lSd(), t. iii., j*. *217- 
Bia UAMr, — (-nnipt. Pf-nd.^ xxxix. ; xlii, 1210. 

Delkfs. — Poiitj^nd. AiinaK^ cix, OIS; X. Jahrh, Pharm.y xiii. 1. 

(tUeentsh, T. — Pharm. Jmirn, |.*V|, vol, vii., <l’c. 

(jr-EiiJN, VAUnv. — Arm. Phim, /V///.v. (2), Ivi. 52“); Ivii. I OS; l.v. :12; I\i. (ii>. 
<xrim)i;KT. — Ann. Chun. Phijs,., xl. IS;^. 

ITAMiriiv and KLf iJKrcrjL — “ I'luirraacologia.’- Loud. 1874. 

H A^sALL. — “ Food and its Adulterations.” 

Jones, 1;L W.— ZV/f/n//. dovni,, 1870, p. *23. 

Jessen. — Poijfjfind, A/uinL, evi. 407; Junrn. Prart. Pltem.f ev. Oo. 
iNI vst llKE, J.^Prard, Phrau, Ivi. 400; ixi. L 
Mlttek, J. — “Organic Materia Mediua. ’ Loiul. 1878. 

Naokll.- — D ie Starke-Meldkimier. iSoS. 

Pave.n.-- ylxw. Plii/n, (it Plti/.i. (2), iiii. 73; Ivi. 337; Ixi. 3‘)o; Ixv. 225; 
(4), iv. 280. Potupf. lit'.nU., xiv. 533; xviii. 240; x xiii. 337 ; \xv. 117 ; 
xlviii. 07. 

Rovt^es. — “ Materia Medica.” 

ScHAUJANO . — JotirfK Phanu. tl Phhu. [3J, 1850. t. ii., j). 240. 

Tiofe, L W. — On the Discrimination of JStarclies by I5)larisc»l Light. 
AuahjHt.^ 1*870, vol. iv,, p. 221. 

Wtksneil — E inleitung in die Techiiische Mikroscopio. Svu, Wien, 1807. 



WHEAT— WHKATEN FLOUR. 


§ *'52. The cultiv'ate<l in tliis coiiritiy is the Trit.icurn 

ijitlfjare, f)t* whidi are two varieties — tin? 7\ or 

suiurnf?r wheat, and tlie 'I\ htfbenvum, or winter wheat. The 
in(?an eoniposition of wdieat ft*om 2o0 analyses is as follows 
I Ki}mij\-.— 

Por 


Water, 

Nitivj^nous suh.stniK'f^. ..... \2‘4*2 

Tat, I'TD 

Suu^ar 1-41 

Oiiin and dextrine, ...... 2'.‘?S 

Starch 04 07 

-Fibre, . . . . , . . . 2’(K) 

Ash, 1 ‘70 


Thes(‘ analyst's do not include Russian wdieat. In tl»e central 
j);irts of South Russia a w'hoat is grown wdiich has an amount of 
nitrogenous substances q\iite unconiinon — the mean of twenty- 
four analyses giving a percentage oT :Mr) nitrogen and 21 •.')() 
uitrogeiious substances. The ineau composition of the ash of 
entire wdieat is as follow.s : — 


Potash, 

Wint’ V whoiit. 

Sinnmor whe.-it. 
2i)0i) 

Soda, .... 

2 '25 

j*ns 

Liiin', .... 


2 Its 

Magncsiri, 

1 1 \)7 

1 2 0!) 

Ferric oxiilc. 

I -51 

•51 

Ph().^p}uu'ic acid, . 

4(>-as 

48 -t >3 

Sulphuric acid, 

■o7 

1*52 

Silu.-.a, .... 

2']l 

1 *04 

(dilni’ino. 

*22 

'IS 


V(?cording to tht? vosearches of M. Diivivier. of Chartres, the 
e xternal ]>art of the envelope of tlio grain is covered wdth fatty, 
odoj'ous, and nitrogenous luattiu's, wdiicli are in a particular 
coml>iuation, and form on the grain a very tenacious coating — a 
sort of preservative, and c?ommuincating an odour <|uite sui gen- 
These substaiic<?s, wliich are nanietl cereuUn^ trithecaline ,, 
ttc., ar(* isolated by treating the ojitin? grain wdtli cold etlier, 
and then allowing the ethereal extract to evaporate spontane- 
ously. Howtiver, neither the nature nor even the pi’cseiicc of 
those matters can be considoiH?<1 satisfactorily established, and 
further investigation seems necessary. 
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§ 83. Constiivents of Flour . — Flour, in tlie common acce})tation 
of the term, is ground wheat freed from bran. 

The physical cha- 
racters which llonr 
slioiild possess are as 
follows: — It should l)e 
an almost perfectly 
wliite, lino powder, 
witli only tlie slight- 
est tinge of yellow 
the odour should be 
sweet, and it shf>nhl 
be free from acidity. 
Tt should exhibit no 
trace of i)ran when 
pressed smooth with 
a polished surface ; 
and it should liave a 
certain amount of ce- 
ll esi vein jss su tlicient 
to retain for s<^ m o ti me 
any shajie impressed 
upon it by s«|uee/jng, 
I'he microscopical charactei'S of good flour ai‘(i : the abstmcc of 
foreign starches, of fungi, iVc., and the jin/senco alone of tlM> 
elements of ground wheat. (8ei5 ])p. 142, 141, and l lC, f<»r 
measurements of the starches.) 

The cliernical composition of ground wheat is represented in tin* 
following table, giving the mean of fourteen analyses by Ihdigot : — 



Fig. 20 is a leprCvSciitjition of the microscopical 
structure of wheat when a fine section of tlie s(!od 
is made, x 191). a is the cells of the hran ; the 
cells of the thin cuticle; c the gluten cells; d the 
starch cells; B, wheat starch, x iCoO. 


]\It‘aii i)f Kxtrcinios 

14 analysieft!. Max. Mini, 


Water, 14 0 Jo-2 l.J 2 

Fat, . 1-2 ] •!) 10 

Nitrogenous matter insoluble in water, . .12*8 10*8 81 

Soluble nitrogenous matter— albumen, . I ‘S 2-4 14 

Soluble non -nitrogenous matter — dextrine, 7*2 10*5 0-4 

Starch, . . . . . . 59'7 00*7 or)- 1 

(;ellulose, 1 '7 2 .3 1-4 

Ash, 10 10 1-4 


The percentage of a.sli from the wliolo wlieat is much liighcr 
tlian that of ordinary flour, the bran containing mucli ash. 
Thus, 100 parts of bran contain — 


i*cr fcnC 

Water 13*1 

Albumei), coagulated, ...... 19 '3 

Fat 4-7 

Husk and a little star eh, OfrO 

, Ash, 7 '3 
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Tlie analyses of Millon* and Kokule give the following: — 


Starch, 

<ihitcii, 

Fat, . 
Wood fibre, 
Salts, . 
Water, 



whilst 100 parts of flour, according to Wanklyn, contain — 


Per coTit. 

Water, 1 0-5 

Fat . . . . 1 ‘2 

<Jlnten, &o., . . . . 1 20 

Starcli, . . . . . . , 

Ash, •; 


Tint nitrogenous matter of the cereals has been usually <h‘- 
t(*nuinod by a combustion and subsequent estimation of the 
nitrogen. Mr. Church lias, ho\vevor, shown that this metliod of 
(\stinuition is not perf(*ctly reliable as a measure of the flesh- 
foriiKU’s, or albuminous matters properly so called. Tn a valuable 
recimt series of researches on this point, with regard to wlieat, 
harley, ami oats, Mr. Wiguer has shown that these nitrogenous 
flesli-forrning constituents have, been over-estimated, since nitro- 
gen combined as nitric acid, nitrous acid, and alkaloids, is 
present in larger (piantities tlian has been hitherto supposed. 
This is iin>re especially true as regards the liusk and bran, very 
little non-coMgulable nitrogenous matter being contained in the 
flour properly so called. Thesis analyses wn>re. cai’rii'd out as 
follows : - - 

,50 grains of the sample wen^ grouml in a warm porcelain 
mortar with enough carbolic acid to form a paste. Twr) or three 
ilrops of dilute acid were added, and tlie paste then diluted vvitli 
hot carbolic acid and allowed to cool, filtered, and the filter 
waslied with earbolic acid of the same strength. By this treat- 
ment all the true albuminoids were coagiihitod and remained 
ill the filter, wliile any nitrogenous mattm-, either as nitrates, 
nitrites, alkaloids, or gluten, passed through the filter. The 
residing in the filttu' was washed down into the point as far as 
jiossible, and the filter dried ; the residue detached, and tin* 
filter itself finely shnalded witli scissors and ground to powder, 
and then burnt in a combustion-tube iii the usual way. 

The samples w(‘r(^ collected so as to give examples of every 


Comptes Rend us, t. 2S, p. 40. 
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class of wheat, barley, and oats, and ground by the operator. 
Treated in this manner, Mr. Wigner found that 17*7 per cent, of 
the total nitrogen in wheat, 17*6 per cent, of that in oats, and 
14*7 per cent, in that of barley, as an average, deduced from tlie 
examination of tifteen samples of each, was present in such a 
form as not to be capable of coagulation by carbolic acid. 
The extremes in various samples diU'ered widely, and it would 
appear as though we may have by this process a method of dis- 
tinguishing the true nutritive value of one sample of grain from 
anotlier.* In a recent research by the author (still proceeding), 
the nitrogen as nitrates in the bran was estimated as *0071 grm. 
})er cent. ; an alkaloidal peptone was precipitated by j)hospho- 
molybdic acitl ; and found to exist in the proportion of about 
*75 per cent. In whole meal the nitrogen as nitrates was *043 
per cent., the alkaloidal peptone 1*00 per cent. 

The nitrogenous constituents of hour comprised under the 
name of gluten are probably, from the recent res(nirches of T. 
Weyl and l3ischod‘,t not ready f(n*med in the dour, but tJie 
i*esult of the action of a ferment like myosin, wliicli, how*ev(u*, 
has not been isolated. This theory would account for the fact 
that (as observed by M itscherlich and Krocher) wheat in which 
no sugar could be found before being sent to the mill, on being 
moistened and ground yielded as much as 4 per cent, of sugar. 

Gluten is composed of at least foui* bodies — glutcn-ca,^(iiae. 
(jhiten-filrruie, miicedhiy and gliadin. 

Gluten may be obtained by merely kneading the dour into a 
j)aste, and then w’ashing all the starch out of the paste iii a thin 
stream of water. As tlius detained it is, in the moist statt*, a 
yellowish-grey, very elastic, adhesivtj mass ; and when dry, some- 
what horny. It dissolves for the most part in alkaline li({uids 
and in acetic acid. From the gluten the four bodies mentiomMl 
may be separated as follows : — 

1. Gluten-caseine. — The well- washed gluten is digested a few 
days with potash solution (for every 100 grins, of gluten about 
3 to 4 grins. KHO). Tlie clear solution is decanted from tlie 
insoluble residue, and jirecipitatcd by acetic acid in tlui least 
excess. The precipitate is exhausted successively with GO pt*r 
cent, and with 80 per cent, alcohol, then witli absolute alcoliol, 
and lastly with ether. The insoluble portion now consists of 
gluten'Caseiney which may be purified by solution of weak potash 
lye, precipitated by acetic acid, washcid with water and alcohol, 
and dried in a vacuum. It form.s a whitish-grey, voluminous, 

* See Analyst^ July, August, 1878. 

+ Her. der DeuUch, Chevi. Geselhclvajt^ 1880, p. 1004. 
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earthy mass, soluble in dilute alkaline solutions, but insoluble in 
water, whether hot or cold. At 100''C. it soon changes into a 
moditication insoluble in alkaline fluids. Its solution in verv 
dilute alkaline fluids becomes turbid on exposure to tlie air, and is 
j)recipitated in a flocculent condition by tlie heavy metals. The 
elementary analysis of gluten-casein e gives the following per- 
C(‘ntages : — Carbon 52*0, hydrogen 7*0, nitrogen 17*1, oxygen 
22*0, and sulphur 1*0. On heating gluten-casein e Avith sulphuric 
acid, tyrosin, leuein, glutaniime acid, and asparagic acid with 
ammonia, are among the products. 

The gluten-caseiue of rye seems to be similar to that of wlieat 
\^liiUhauiiev^. 

2. Giuten-fibrlne. — The substances remaining in solution from 1 . 
are glutcii-librine, mucedin, and gliadin. The first is separated 
by distilling tlie united alcoholic extracts to one-half, when it 
separates as a brownish-yellow mass. It may be purified by 
repeatedly dissolving in a little GO to 70 jhu* cimt. alcohol, from 
wliich it se])arates on cooling. .This proi)erty is, indeed, char- 
acteristic of gluton-fibrine. It forms a tenacious brownish-yellow 
mass, becoming horny on drying. It is insoluble in cold water ; 
boiling water ])artly decomposes and changers it into a modifica- 
tion insoluble in alcoliol, accitic acid, and potash. The elementary 
composition of giuten-fi brine, according to Kitthaiisen, is carbon 
54*5, hydrogeji 7*2, nitrogen 1()*9, oxygen 20*G, and sulphur 1*0 ; 
this points to the formiila 

15. Mucedin . — The filcoholic (extracts from 2. contain mucedin 
and gliadin, and are united and evaporated to dryness. TIuj 
varnisli-like residue is treated with ether to ixmiove fat, and dis- 
solved ill warm 00 to 70 per cent, ah’oliol, allowed to cool, and 
filtered from any gluteii-libriiie still remaining. The mucedin 
is now pi*ecipitated in a liocculent state by strong alcohol, and 
l\y a repetition several times of this operation is obtained pure. 
When fresli, it is a whitish yellow, slimy mass ; when dry, a 
horny, criimbliiig mass. It dissolves easily in GO to 70 per cent, 
alcohol, but is pr(‘cipitated by 90 per cent, alcohol. The acetic 
acid solution is coloured a beautiful violet on the addition of 
sulphate of cojjper and ]H)taslj, and slightly Avarming. 

The inuc(;din from rye and barley is similar to that of Avlieat 
\Ritthausen\ The elementary composition of mucedin is as 
follows : — 



AVheat. 

Rvo. 

Barlf'y. 

Carbon, 

. 54*1 

53*6 

54*0 

Hydrogen, . 

6*9 

(5*8 

7*0 

Nitrogen, 

. 16*6 

16*8 

170 

Oxygen, 

Sulphur, 

, 21*5 

*9 

22 *.3 

•5 

21*3 

•7 
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4. Gliadin . — Gliaclin is obtained by evaporating the alcoholic 
solution left from 3. It then remains behind as a clear yellow 
varnish, which is so tenacious that it may be drawn into threads. 
By treating it with absolute alcohol and ether, it is changed into 
a friable, lustreless mass. It is easily dissolved by 40 to 80 j)er 
cent, alcohol, and this solution is made milky by absolute alcohol 
and water, turbid by ether. By boiling it is changed into an 
insoluble modilication. If digested with cold water it dissolves, 
and the solution is opalescent and frothy, giving a precipitate 
with tannic acid and soda. Gliadin dissolv'es in dilute alkaline 
and alcoholic solutions and in acetic acid ; on neutralisation, or 
on addition of salts of the heavy metals, precipitates are formed. 
^J'he elementaiy composition of gliadin is as follows : — 

Mean of t wo analyses. 

Ritihiiusen. IT. lvrou»ler. 

Wheat Gliadin. Oat Gliadin. 


Carbon, .... 

. 52*5 

52 6 

Hydrogen, .... 

. 6-8 

7*8 

Nitrogen, . . . . 

. 18-4 

17-7 

Oxygen, . . . . 

. 21-5 

20*4 

Sulphur, .... 

•8 

l'7 


W, Mayer has discovered a vejry imj^ortant ratio between the 
total phosphoric acid in wheat and corn generally, and the total 
nitrogen — 1 part of phosphoric acid corresponding to 2 parts of 
nitrogen ; the extreme variations do not ap]>ear to be more than 
from 1 : 1*83 to 1 :2*19. Ritthausen, U. Krcusler, and Bote, 
have, however, found that in wheats very rich in nitrogen, tlu‘ 
proportion may be — phosplioric acid 1- to 1’31. 


ANALYSIS OF FLOUll. 

§ 84. Tlie analysis of flour should iji all cases be preceded by a 
careful micro.scoj)ical examination, combined with measurement 
by a micrometer in order to detect any foreign starches, <fec. 
Flour in this country is pretty well free from organic admixture; 
but cases do occur, and liave occurred in other countries, in 
which there has been, from carelessness in the cultivation and 
reaping, some one or other of the following seeds : — Melainpyrum 
orve7ise [Scrophulariaca?^], Lychnis cithagoy Lolumentum temn- 
Icntum; or, in bad seasou.s, “blighted” and “ergotised” corn is 
ground uj) with good corn. 

^lHheMdampyrum arvensCy or ptirple cow wheatin a not uncommon 
llower in cornfields. Its structure is unlike that of wheat, and 
may be discovered by the microscope. A chemical test is as 
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follows : — About 15 grms. of the flour artj made into a soft 
paste with acetic acid, diluted with double its volume of water. 
TJie paste is placed in a platinum dish, and the water and acid 
complet(>ly driven off by a gentle heat. The paste on section, 
should the melampyrum have been mixed with the flour, shows 
a colouration, violet or purple, accoi’ditig to the quantity. 

Quite lately C Hartwich found a rye bread whicli was of a violet 
i*olour. The rye flour from which it w'as ma<lo contained no less 
than 1*G jier cent, of the seeds of the melampyrum. An alcoholic 
extract of the flour showed an intense green colour, and sul- 
jdiuric acid gave a blue play of colours. The secjds not only 
of Melampyrum arvertse, but also of M. cristaUim, Rhmanthiii< 
fdrsufus, Ahctorolophus major and minor, Euphrasia odontidis, 
and Pedicularis 2 ^(Rufitris, all give a violet colour to bread, and 
probably contain the same colouring-matter — rhiiianthin.* 

The Ayrostemma, or Lychnis cithayo A — The common corn-cockle 
fd* our fields is without doubt poisonous, containing an alkaloid, 
mponin '' Flour mixed with seeds of the lychnis has a disagree- 
able bitter taste, and the foreign substance may be discovered by 
a microscopical examination. On treating the flour with ether, 
the porcfuitagc of oil is much iiicrease«l ; tlio oil extracted by 
etJier is also of a strong yellow colour, and acrid. 

In cases whore a microscopical examination has discovered 
the .seeds of agrostenima, A. Peterman J has riicom mended the 
separation of saponin. 100 grms. ot the flour are (ixliausted 
l>v a of 80 per cent, alcohol, and filteriMi hot; the filtrate 

is precipitated by absolute ‘alcohol, the precipitate separated 
and dried at lOO"", and then exhausted with cold water. This 
('xtract is again precipitated with absolute alcohol, and the 
saponin obtained as a yellowish powder ot sharp burning taste. 
Saponin is easily soluble in water, and is perhaps best recognised 
by* its j)ower of communicating a soapy apj>earance to water. 
Water containing lOOOtli of its w^ciglit of saponin froths on 
shaking just like a solution of .soap. Concentrated sulphuric aci<l 
dissolves saponin with, first, a red -yellow colour, changing into 
violet, ami later, into a more intense red. Tlie watery solution 
is preci[)itated by .acetate of h^ad, and, if concentrated, by baryta 
water. 2 grms. given to an adult wdll cause physiological 
symptoms, mainly consisting of nausea, diaphoresis, and diuresis; 

* A i'chlv, (hr Pharmacie, 217, p. 280. 

t The i>lant belongs to the nat. order Canjophjllacefv, or clove-worts: the 
flower is large and ]>urple ; the stem dichotomous, from 2 to d feet nigh ; the 
o.alix is coriaceous, ribbed, with 5 linear lanceolate, constantly erect, patent, 
very long segments, styles downy, capsula o-toothed. 

X Ami" de ctiimie et de pharmack, 5. xix., p. 243. 
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•5 grm. is a fatal doso for a kitten ; the fatal dose for a hnniaii 
adult is not known. 

The LoVium temulentum., or Darnel^ has i*ather frequently been 
found as an impui'ity in Hour. 

If flour contain darnel it may be detected by the characters oi' 
the alcoholic extract. The flour is digested in alcoliol of 35 ’ ; if it 
is pure, the alcohol remains perft‘ctly clear and lim]>id, or at tlu^ 
most, takes a very pale straw colour, from dissolving a little 
colouring-matter in the envelopes of the wheat, wliicli may be in 
the flour, nor is the taste disagreeable. If, on ilu^ contrary, it 
contains darnel, the alcoliol takes a grecmish liue, which darkens 
gradually. The taste of tlie alcohol is acrid and nauseous, and 
on evaporation it leaves a yellowish -green resin. 

Detection of Ergot in Flour . — It is most important to examine 
flour for grain matters damaged by moidd, and especially ergot.. 
A good preliminary test is that recoiiimeiuled by A. Vogel.* TIhj 
flour is stained with aniline violet, and then examined micro- 
seoincally: the damaged starch granules take* up the colour 
intensely. This staining will take ])lace with flour damaged by 
any fungus, and is not a special test for ergot. The best chemical 
method is that of Jacopy, as modified by J. Petri.f ^0 gnus, of 
the flour arc placed in a proper exhausting apjiaratus, such as is 
described at page 68, and exhausted with boiling alcohol until 
the last alcohol is colourless. To the alcoholic solution 20 drops 
of cold diluted sulphuric acid are addeal, ami the litjuid is filtered 
and examined by the spectroscope in thinner or tJiickcu- layers, 
according to the depth of colour. If the flour is ergotised, the 
alcoholic solution will be more or less red, and show two absorp- 
tion-bands in very dilute solution, one lying in the green near 
and a broader and stronger band in the blue between / and g 
On mixing the original solution with twice its volume of water, 
and shaking successive portions of this liquid wdth ether, aniyl- 
alcohol, benzine, ajid chloroform, the red colour, if derived from 
m’got, will impart its colour to each and all of these solvents. 
Other tests have been proposed from time to time; as, for example?, 
a yellow colour develo[)ed when flour is treated with an alkaline 
solution, and the development of a smell of trimethylamim? when 
the potash solution is heated. It may, howev(M% be remarked 
that the yellow colour would not be conclusive as to the presence 
of ergot, for otherwise damaged flour will show this reaction; and 
as for the smell of tmnethylamine, it may be noticed when 
certain gummy matters are decomposing, and though a flour ])ro- 
ducing such an odour with potash cannot be considered healthy, 

* Ckem. CentralblcUt. [3 f.] 10. 559. 

Zeltacimftjur AnaL Chein, 1879, pp. 2J 1-220. 
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the odour in itself would not be conclusive in regard to the 
presence of ergot. The presence of ergot, and of the seeds 
mentioned, must be regarded, not as adulterations in the sense 
of a fraudulent addition, but as impurities. .Nevertheless, an 
analyst would naturally certify, under the ** Sale of Food and 
Drugs Act,” if iloiir sold as good Hour should be found to contain 
any of these substances. 

The following substances have been fraudulently added to 
wheaten flour : — Hyo, rice-meal, barley-meal, potato starch, the 
flour from various 1-eguminosa*, linseed-meal, buckwheat, and 
some other starches. It may once again be said, that in 
England all these adulterations of flour are of extreme rarity 
(with, perliaps, the exception of potato flour and ground rice); 
but there is good evidence that in times of scarcity, with bread at 
famine prices, all kinds of substances iiave l)cen mixed with flour 
and sold. What has happened may occur again, and it is 
therefore well to know tlie chief chemical tests wliich have been 
recommended to detect even these uncommon admixtures. Tlu^ 
general test recommended by A. E. Vogel may be useful ; The 
suspected flour is extracted with 70 per cent, alcohol, to which 
liydrochloric acid has been added, in the projjortion of 5 per cent, 
of the alcohol employed. If the flour is made of either pure 
wheat or rye, tiie alcohol remains colourless ; it is of a pale yellow 
if either barley or oats should be present ; orange-yellow with 
]»ea flour ; ]mrple-red with mildewtal wheat ; and blood-red with 
(‘rgotised wheat. 

Potato Starch , — So long ago as 1847, M. Donne proposed an 
excellent test foi- i»otato starch in wheat flour. The flour is 
<"xaniiiied in a very thin layer under the microscope, in the 
ordinary way, and then, while it is under observation, a weak 
solution of potash is added, when potato starcli will begin to 
sVvell, and reach four or five times its volume, while wheat 
starch is scarcely aflected. The test is best a])|>lied by putting :i 
little of the flour on a stage micrometer; it is then easier to 
appreciate the alteration in size of any particular starch. When 
this method of detecting potato starch is combined with the 
subsidence process, proposed by Lecanu in 1849, so small a 
ijuantity as one part of potato starch in a thousand of wheat 
flour may be detected. The subsidence process is as follows : Any 
convenient quantity of flour, say 100 grms., is treated with 40 per 
cent, of its weiglit of water, and the gluten separated in the usual 
way; the washing water is well stirred, and passed through a sieve 
to retain the larger suspended matters, and then allowed to rest in 
a conical vesseV until a deposit has formed. Without waiting 
for the supernatant water to become clear, it is decanted, and tin* 
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ileposit mixed by stirring with more water, and allowed again to 
tieposit for a short time. The water is decanted, and the process 
again gone through. By this means the linal and lowest deposit 
will consist almost entirely of potato starch, which, being of 
greater specific gravity than wheat, always subsitlos first. M. 
liobiiie, curiously enough, relies more upon a chemical identifi- 
cation of the apex of the cone of deposit than upon a microscopical, 
which latter is so much more decisive. The last deposit is 
recommended t(j be received on a lump of dry plaster, tlie apex 
cut off and triturated in an agate mortar — glass, porcelain, and 
Wedgwood mortars do not answer — and tested with iodine, 
which gives a blue colour with potato starch; but under these 
circumstances, not with wheat starch, the friction of the smooth 
agate not having been sutlicient to tear the euivelopes off‘ the 
latter. M. Clievallier has also recommended a method for tlie 
detection of potato starch, based on the resistance which the 
wheat granules possess to the destruction of the outer membrane. 
Equal weights of flour and sand are to be triturateil with water 
until a homogeneous ])ast 0 is formed, which is then diluted and 
filtered; to the filtrate is adder! a freshly-prepared solution of 
iodine, made by digesting for about ten minutes 3 grins, of iodine 
in 60 cc. of water, and then decanting. If the flour is j)urc, this 
addition will give a pink colour, gradually disappearing ; whilst 
if potato starcii should be present, the colour is of a dark purple, 
only disappearing gradually ; by comparing the reaction with 
flour known to be ])ure, tliis difference of behaviour is readily 
appreciated. 

Detection of Legtiminous Starches, fC*c. — As previously stated, 
the leguminous starches give no play of colours when examined 
by polarised light and a selenite plate, and are thus easily de- 
tected among the iridescent wheat starches. By treating the 
flour also under the microscope witJi a solution of fi orii 10 to V2 
per cent, of potash, it is possible to dissolve the starch granules 
of the leguminous plants, and leave a characteristic reticular 
tissue, made up, for the most part, of iiTegular hexagons. The 
addition of lentils or vetches, on account of the brown colour of 
tlie seeds, can only take place in minute quantity, and then 
could only bo added to dark flours of inferior quality. 

Bean flour, haricot flour, or pea flour, may be mixed up to 5 
per cent, without imparting any particular appearance, odour, or 
taste. Beyond that, all these characters are altered. Bean flour 
is said to give to the crust a more golden brown, which is agree- 
able to the eye. There is a principle in beans and vetches which, 
treated with nitric acid and ammonia, gives a red colour. The 
method to separate this colouring-matter from falsifled flour is 
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to exhaust any convenient quantity with boiling alcohol, and to 
evaporate the alcohol to a syrup. This syrup is freed from fatty 
matters by ether, and the insoluble residue exposed successively 
to the vapours of nitric acid and ammonia. An amaranth red 
colour denotes tlie presence of these substances. M. Biot has, 
however, stated that wheat from the Caucasus responds to this 
test although perfectly pure, so that, like many other reactions, 
it must not in itself be taken as conclusive. M. Marten proposed 
to separate legtimin, and M, J. Lemenant des Cheiiais has 
modified Marten’s original process as follows : — The gluten is 
separated in the usual manner, and to the liquid containing the 
starchy matters is added ammonia, which is a good solvent of 
legumin. The starcli is allowed to deposit, the liquid is filtered, 
and to the filtrate a very dilute mineml acid is added, which 
jirecipitates legumin if present. The legumin is filtered, collected, 
dried, and weighed. According to M. Lemenant des Clienais, 
*9 of legumin in 100 grms. of flour represents an adulteration of 
5 per cent. 

The most scientific process, wdiich embraces a fairly complete 
examination of flour for the leguminous constituents, is that of 
Lecanu : — The gluten is first separated in the usual way. The 
washing water, containing starch, soluble matters, and legumin, 
if i)resent, is passed through a sieve to separate coarse particles 
in suspension, and then diluted sufficiently and allowed to 
deposit. Tlie liquid is divided into two parts, and one part is 
allowed to putrefy or ferment spontaneously. With })ure flours 
the lactic acid fermentation is most common ; with flours con- 
taining legumin there is a putrid fermentation. The other 
portion is, after decantation and filtration, concentrated until 
a yellowisli scum forms on the surface ; it is allowed to cool, and 
separated from the albumen wliich all flours contain. Then 
legumin is precipitated by adding drop by drop acetic acid, 
Legumin is identified by its properties. It is without colour, 
taste, or odour. When dried it is of a horny consistence, in- 
soluble in alcohol, not coloured by iodine, but very soluble in 
jmtash or ammonia water, from wliich solution it may be precipi- 
tated by the addition of an acid. The deposit is submitted to a 
careful microscopical examination, and tested witli iodine to 
colour the starch and leave uncolounid the cellular tissue, or 
with potash in the way described on page 156, The suspended 
particles on the si(?ve are also examined microscopiciilly, because 
they often contain large fragments of leguminous cellular tissue. 

The leguminous starches contain more mineral matter than 
wheat flour — for example, pea flour contains, on an average, 2*65 
per cent, of ash ; flour, *7. It hence follows that if pea flour be 
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mixed with wheat flpur the proportion of 10 per cent., the ash 
would be -87 instead of •?, and it has been proposed to make this 
a test of the presence of such foreign starches ; but, as the 
example just given shows, with moderate adulteration it would 
not be at all conclusive, and must only be considered one of the 
auxiliary means. 

M. Rodiguez has ascertained that when pure flour is submitted 
to dry distillation in a stoue retort, and tlie distillate is collected 
in a vessel containing w^ator, the latter will remain perfectly 
neutral. But if bean, pulse, or pea meal has been added, the 
water will have an alkaline reaction. This test appears of doubt- 
ful value ; for, provided the distillate is alkaline, the alkalinity 
may, it is evident, have arisen from a variety of causes besides the 
addition of the substances mentioned. It has also been shown 
l>y Bussy that certain cereals yield on distillation an acid product. 

Lassaigne (taking advantage of the fact that haricot beans, as 
w'ell as beans, contain a tannin in theii^ envelopes) adds a salt 
inm, which, wuth pure flour, gives a feeble straw colour, but 
mixed with either of the two mentioned, or, of course, with any 
substance containing tannin, gives various shades, from orange- 
yellow to very dark green. 

§ 85. Detection of Alum ami Mineral Matters genet'ally in Flour. 
— The most important test for the detection of mineral substances 
generally in flour is, without doubt, what is known as the chlo- 
roform ” test — a test wliich, it would appear, was first proposed 
by M. Cailletet, a pharmacist of Charleville, in 18G9, and was in 
England brought prominently before the notice of analysts by 
the researches of Dr. Duijre. Tlie principle of the method is 
simple and obvious. Tlie chloroform is of suflicient gravity to 
float the starchy sulistances and allow the alum, sand, sulphate 
of lime, or other mineral matters, to sink to the bottom. It, 
besides, has no very appreciable solvent action on alum, and 
none at all on the generality of mineral or saline substances. No 
solution made of suflicient specific gravity, by dissolving salts in 
water, or any other means, will answer the same puriiose as 
chloroform, because, directly the' flour is moistened with water, 
the alum is decomposed by the pliosphate of potasli iiresent in 
the flour, and also forms an insoluble compound witli the gluten; 
and, under those circumstances, as alum, it is impossible to recover 
the alumina.* The method is as follows : — The tube figured in 
tiie article on Beer ” is taken, and a weighed quantity of the 
flour, from a quarter to half a pound, is placed in it, and sufficient 
methylated cliloroform added to form a thin sort of paste; the 

* This is the orth<Klox doctrine, but the latest researches of the author do 
not wholly confirm the view stated in the text (see Index), 
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cylinder is closed by a stopper, shaken iip‘ once or twice, and 
allowed to stand over night. The next morning the rod- 

stopper ** is inserted and the cap removed ; the latter will 
contain sand from the millstones, sulphate of lime, alum, or 
any other mineral powder of a greater specific gravity than 
chloroform, that happened to be in the flour; this fluid is 
placed in a burette, some more chloroform is added, and the 
matters allowed again to subside; lastly, the powder, with a little 
of the chloroform, is drawn off into a watch-glass, the chloroform 
(?vai)Ovated, and the powder digested in warm water, filtered into 
a clean watch-glass, and allowed to evaporate spontaneously. If 
alum were present crystals will be obtained, easily identified by 
their form, and these, if necessary, can be produced in court as a 
delicti'^ The chloroform which has been used may be in 
:i gieat measure recovered by simple iiltration, then puritied by 
distillation iu the usual way. 

TJio alum crystals may be easil}' identified by tlieir form under 
the microscope, and by the reaction with gelatine and log- 
wood. It may be a matter of some importance to be able to 
say whether the alum present is a potash or ammonia alum. The 
best method of detecting this is to take the smallest crystal, 
and having previously di’opped a single drop of ]!sessler solution 
on a poi'celain slab, stir the crystal into the Nessler; an imme- 
diate brown colour and precipitate is produced if the alum wa.s 
MU ammonia alum. .Dr. Dupre has made some experiments as 
tlic amount of alum wliich by this process it is })Ossible to 
recover. Three mixtures were made, containing respectively 28, 
10, and 2 grains of very finely powdered amiiionia alum iu 100 
grains of a pure flour. On se[)aration of tlie alum by the cliloro- 
fbrm test, th<r residue or de[)osit obtained frojii the chloroform 
was dissolved in cold water, and precipitated by baric chloride, 
and the sulphate of baryta obtained calculated into ammonia 
alum; the result was that 27*1, 8*21, and 1*14 grains of alum were 
respectively recovered, instead of 28, 10, and 2 grains, which must 
be considered as fairly satisfactory. The sand and silica obtained 
by the cliloroform process will be filtered ofl’, .and should be dried 
ainl weiglual, more especially since there has been found to 
be a relationship between the silica present and the alumina in 
flour not existing as alum, but as clay, etc. 

yViG Logwood Test . — A freshly-pre])ared tincture of logwood 
becomes blue when alum and certain other salts are added to it ; 
an excellent and readily applied test has been proposed based on 
this reaction. To apply the test to flour, the following is the 
usual process : — 

Fifty gnus, of flour ai'e weighed out and mixed by the aid of 
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a glass rod with 50 cc. of distilled water ; to this is added 5 cc. 
of recently prepared logwood solution, alkalised by 5 cc. of sohi* 
tion of aninioniuni carbonate. If xuuxnr alum is present, 

the flour will become of a lavender-blue colour instead of pink. 
An approximate estimate of the quantity may be obtained by 
having a standard solution of pure alum, 1 grin, to the litre, and 
adding known quantities to exactly similar emulsions of pure 
flour, and testing as before with logwood, until an emulsion is 
obtained of very similar hue to the flour originally tested. If 
the cold extract gives a blue tint with the logwood test, or if 
the flour be submitted to dialysis, and the ditfusate responds, 
alum is present as alum, and is not derived from dirt, clay, or 
from the millstones themselves.* The author now uses little 
strips of gelatine to concentrate the alum on ; a bit of gelatine is 
soaked in the cold extract of the suspected flour for 12 hours, 
it is tlien taken out and steeped in tlje ammoniacal logwood ; if 
alum is present the gelatine becomes of a beautiful blue colour ;'f 
the test is much more decided than as applied in tlie usual way. 
The same blue colour is produced by the presence of magnesia, 
and clayey matters may also cause a bluish tint. Nevertheless, 
if a flour or bread does not respond to this test, it is ceu’tain tJn\t 
alum in any quantity is not present ; on th/ other hand, if a blue 
colour is produced, there is certain to be either an adulteration 
with alum or some other admixture, and the sami>le should Ixj 
more thoroughly examined. 

Hermann W. Vogel J lias shown that alum and magnesia salts 
can be recognised by their influence on the spectrum of purpuriji(\ 
It is evident that hero is a process by wJiich the analyst may be 
assisted in his diagnosis of the cause of any bine colour imparted 
to flour. Pure purpnrine gives, in saturfited solutions, a spectrum 
extinguishing wholly the blue part. An alcoholic solution diluted 
until it is of a straw-yellow colour extinguishes the blue only 
partially, and shows two marked absorj)tiou-bands at ¥ and b 
E. (see flg. 12.) A diluted watery solution does not show tliese 
absorption-bands, but instead there appears a stronger absorji- 
tion in the green between F and 6, a weaker in the yellow from 
E. This reaction is dependent on a trace of alkali, for it is inten* 
sifled by ammonia, whilst a slight excess of acetic acid colours 
the fluid yellow, and then there is only a weak absorption. Tlie 

* The millstones arc sometimes mended with an alum cement. This circum- 
stance will of course, from time to time, be utilised for puri)oses of defence. 

t The author, while these sheets are passing through the press, is 
developing the t^t mentioned by further research, and a note will be added 
giving his final results at the end of this volume (see Inde.x). 

J Ueber cine empfindlXclve Spectral Analytinche Reaction auf Thoncnlc und 
Magnesia. 
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8o]jLition of purpurine should be prepared from purpurine which 
has been purified hj sublimation, and it should be made very 
feebly alkaline. To test for alum it is best to take the deposit 
from the chloroform process already described, and dissolve it in 
not more than 1 cc. of water. 2 cc. of water are now placed either 
in a test-tube or a little glass cell, and three drops of a saturated 
alcoholic solution of purpurine added, and then alkalised by a 
drop of fourfold diluted ammonia water. On observing this 
solution by the spectroscope, it appears as curve No. 12, fig. 12. 
A drop of the alum solution is next added : in dilute solutions 
two bands gradually appear; in the presence of half a milligramme 
of alum, the bands appear after the lapse of several minutes. 
Magnesia presents similar appearances, but is at once distin- 
guished from alum by the fact that the bands are destroyed by 
the addition of acetic acid. 

Proximate Analysis of Flour, 

§ 86. The constituents of flour to be determined are — 

^1.) Water. 

(2.) Fat. 

( Sugar, Gum, and Dextrine. 

(3.) Cold Water Extract. < Vegetable Albumen. 

f Phosphate of Potash. 

(4.) Gluten. 

(5.) Ash. 

(1.) The water is taken in the ordinary way; that is, by 
weighing carefully about 1 to 3 grms. in a tared dish, and expos- 
ing it to the heat of the water-bath until it ceases to lose weight. 

(2.) The fat, according to the researches of Peligot, must be 
determined in the perfectly dry flour, error resulting in any other 
c.ase’. 

(3.) The edd extract is obtained by digesting 10 grms. of flour 
in 500 cc. of water, and filtering and evaporating down 250 cc. 
in a platinum dish. According to Wanklyn, 100 grms. of flour 
yield to water — 

Qrma. 

Sugar, gum, and dextrine, 3*33 

Vegetable albumen, 0*92 

Phosphate of potash, . ' 0*44 

4*69 

Ou igniting the extract, the ash should consist entirely of 
phosphate of potash. When the weight of the ash is known, it 
may be dissolved in water, and the quantity of phosphoric acid 

i 12 
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estimated by titration with uranium solution ; and if from this 
there is any discrepancy between the calculated phosphate of 
potash and that found, the ash should be carefully examined. 

The determination of the sugar and dextrine may be made by 
the processes described at p. 113 seq,; but it is usually sufficient 
to obtain merely the weight of the cold extract and the weight of 
its ash. 

A method of estimating the value of flour by the amount of 
solid matter dissolved by acetic acid has been proposed by M. 
Ilobin^, who has taken advantage of the property which acetic 
acid, when properly diluted, has of dissolving the gluten and 
albumen, and leaving intact the starchy matters. The acetic 
acid solution increases in density according to the amount of 
solid substances it dissolves, and he has constructed an areometer, 
graduated in such a manner that each degree represents the 
value of the flour expressed in a loaf of 2 kilometres weight. 
A table is sold with the instrument, and without doubt, although 
not exact enough for the food-analyst, the process is of some 
value to the buyer of flour. The areometer is called Ajopre- 
ciateur de^ Fariiiesy The acetic acid is diluted until the ‘‘ appre- 
dateuT^' sinks to 93® on the scale. 24 grms. of flour of the first 
quality are taken for the assay, but if the flour is of the second 
quality, then 32 are taken. This quantity of flour is washed 
successively with six quantities of the acid, eacli time using 
31*25 cc., and all the time triturating in a mortar. After ten 
minutes the whole is poured into a vessel, plunged in cold water 
of raactly 15®, and allowed to remain at rest for an hour ; the 
liquid is then decanted, and the ‘‘ appreciatmr ” floated in it. By 
the number indicated, the number of loaves of bread 2 kilo- 
grammes in weight which 150 kilogrammes of the flour will give 
is at once seen. 

(4.) The gluten or albuminoids can only be approximately 
determined by the washing process described at i)age 150; the 
usual method is to make a careful combustion of a small weighed 
portion of the flour with cupric oxide, and to measure the nitrogen 
obtained, and then to multiply t|ie percentage of nitrogen found 
by the factor, 6*33. ^ 

(5.) The ash is burnt in the usual way, and is somewhat 
difficult to consume, especially if any quantity of flour is taken. 
It has been proposed to mix the flour with nitrate of ammonia, 
then to heat carefully, and directly fusion commences, to with- 
draw the flame. Flour can certainly be burnt up very quickly 
in this way. If this method should be adopted, it will be very 
necessary for the analyst to ignite a corresponding quantity of 
nitrate of ammonia in a platinum dish, and see whether any 
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residue is left. Occasionally, nitrate of ammonia may be met 
with which is sufficiently impure to cause an error in analysis. 
Flour may also be burnt up in a platinum trough in a combustion 
tube. In this case it is most convenient to begin the combus- 
tion in ordinary air, and then to finish in oxygen. A properly 
burnt flour ash should be below 1 per cent. ; if it attains 1 per 
cent., mineral adulteration is probably present. (The method of 
estimating alumina and silica in the ash of flour is fully detailed 
at pages 169-171, and also the relationship between the silica and 
the alumina.) 

Legal Case Relative to Flour. 

§ 87. The following brief abstract will show the lines of 
defence likely to be adopted : — 

In the month of February, 1880, the case of a miller summoned for selling 
adulterated flour was heard at the Eckington sessions. The analyst deposed 
to having found alum, in the proportion of 24 grains to 4 pounds of 
flour. He obtained the alum as alum by the chloroform process. He shook 
the flour with chloiYiform, which was a heavy liquid, the flour floated, and 
the alum sank to the bottom; it was from what sank that he obtained 
crystals in the characteristic form of alum; he tasted it, and it bad the 
astringent taste of alum. It gave the logwood reaction such as alum gives. 
He placed about 30 grains of the flour in the chloroform, and the precipi- 
tate was probably one-eighth of a grain. He let the chloroform evaporate, 
and so obtained the crystals ; alum crystallises in octohedra of the cubical 
system ; the alum was in the fragmentary form until water was added to 
the de|30sit from the chloroform, and the liquid Altered and evaporated. 
Silica crystallised in hexs^onal prisms, and could not be mistaken for alum, 
besides, it was insoluble in water. He had made an analysis for the purpose 
of estimating the quantity of alumina present, and found it was in the 
])ropoTtiou corresponding to 30 jjrains of alum to 4 pounds of flour. 
On being asked whether clay and dirt might not account for the alumina, 
the answer was that clay and dirt might present as a silicate of alumina, 
but it would be insoluble in water, and would not give the reaction with 
logwood. The defence was — 

) . That the analyst was mistaken. 

2. That alum was occasionally used in the mill for iilling up the cracks in 
the stones. 

.3. That the defendant had made his flour lately from foreign grain on 
account of the bad quality of English wheat at tlie time, and there was 
nothing astonishing in flnding 24 grains of alum in such wheat although 
perfectly pure and unadulterated. 

An analyst was called for the defence who did not seem to be acquainted 
with the chloroform test, but had estimated the total alumina. The mst of 
his evidence was that he could not say positively whether there was alum or 
not in the flour, and that he thought that so small a quantity of alum as 
could be separated from 30 grams could not be identified. The matter 
was then referred to Somerset House, and the Government chemists fully 
confirmed the presence of alum in the flour.* 


* Analyst, 1880, p. 72-86. 
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bhead. 

§ 88, The term Bread has been applied to any form of flour 
m^e into bread, but that made from wheaten flour can alone be 
treated of here. Wheaten bread is the flour of wheat made 
into a paste with water, and the paste is permeated by carbon 
dioxide, either by adding yeast, which causes a true feimentation 
with the production of alcohol and carbon dioxide, or the carbon 
dioxide is added in solution in water to the paste, as in Dauglish’s 
system. The explanation of the bread-making process is not 
thoroughly worked out in all its details, but the following theory 
agrees feirly well with what is witnessed : On adding yeast to the 
dough, it is placed on one side, at a suitable temperature, and 
allowed to rise, that is, fermentation proceeds, and there is a con- 
tinual evolution of gas; tlie starch in some degree becomes changed 
into sugar, which sugar is decomposed into carbon dioxide and 
alcohol. The gluten prevents, or rather retards, the escape of 
the carbon dioxide, and the tension of the warm gas expands little 
cells, and gives to the bread its familiar light spongy appearance. 
The alcohol mostly escapes, and although in large bread-making 
establishments it would seem to be feasible and economical to 
recover the alcohol, hitherto no really good appliance has been 
invented for this purpose, the apparatuses which have been tried 
interfering with the baking of good bread. The outside of the 
loaf, when placed in the oven, is raised to a temperature of from 
210° to 212°, but the crumb is seldom much above 100°. The 
crust is to some extent caramelised, and, on analysis, shows, as 
might be expected, very much less water than the crumb. Thus, 
Rivot found in twenty-one samples of bread from 20*45 to 
47*11 per cent, hygroscopic water in the crumb, and 16*40 to 
27*44 per cent, in the crust. Tracing one by one the chief 
chemical changes which the flour undergoes under the influence 
of the yeast-fermentation and subsequent baking, we consider, 

1. Ni^ogemua Matters . — ^The soluble albumen becomes in- 
soluble, and can no longer be separated from the starch. The 
gluten-caseine and gluten-fibrine form some intimate combination 
with the starch. The gliadin, however, still may be extracted 
out of the bread, as out of the flour, by the action of alcohol. 
In the crust there is a partial destruction of the nitrogenous 
substanca Thus, V. Bibra found — 

Wheaten Bread. Bye Bread. 

Nitrogen per cent. Nitrogen per cent 

1*498 1*476 

1*363 1*293 


Crumb, 

Crust, 
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2. jTAe Starch, as already explained, is in part changed into 
sugar, which sugar is further decomposed into carbon dioxide 
and alcohol ; a part of the alcohol appearing as acetic acid, and a 
part of the sugar appearing as lactic acid. There are also other 
volatile acids of the acetic series formed (notably with dirty 
breads), and small quantities of butyric acid can be obtained 
and identified if the watery extract (which, by the way, always 
reacts acid) is distilled after the manner of Duclaux. All the 
sugar formed is not decomposed, but the bread invariably con- 
tains more sugar than the flour from which it was made. A 
portion of the starch is also changed into dextrine, and through 
all these causes the bread contains always more soluble carbo- 
hydrates than the flour. 

3. The Fatty Matters are not, so far as is known, changed. 

4. The Ash is not changed, save by the minute proportion of 
yeast ash which is added to it, an addition quite inappreciable. 
Further, any salt added by the baker increases a little its weight; 
but the ordinary method of burning bread volatilises very eflec- 
tually chlorides of the alkalies, so that tlie ash of bread is still 
very small. It has been said that the alcohol escapes, which is 
true with regard to the bulk of the alcohol. Alcohol, however, 
has a wonderful property of adhering to organic substances, and 
Th. Bolas has shown that it can be detected in fresh bread 
in greater quantities than would d priori have been suspected. 
Thus, he found in six fresh samples of bread the following per- 
centages of alcohol : 

Minimum, *221 

Maximum, *399 

Mean, *313 

In two of the samples a week old, he was able to detect *132 
to* *120 per cent, respectively. On keeping bread, there is a 
continual loss of water, and it becomes ‘‘stale” from some 
peculiar molecular change. That this staleness is not due to the 
loss of water is proved by the simple experiment of re-baking a 
loaf, when it becomes for the time fresh again, but more rapidly 
after this process becomes stale and is notably drier. V, Bibra 
found that a bread cannot be made fresh again if it has lost 
30 per cent, of water, but if the loss of water is below that, it then 
may be freshened by re-baking. V. Bibra found that wheaten 
bread lost the following percentages of water : — 

After 1 day. 8 days. 7 days. 16 days. 30 days. 

7*71 8*86 14*05 17*84 18*48 

The mean composition of wheaten bread, from a large number 
of analyses collected by Konig, is as follows : — 
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Mean for Mean for 

llinimnnL Maximum. Fine bread. Ck>ar80 bread. 


Water, .... 

26*39 

47*90 

38-51 

41 02 

Nitrogenous substances. 

4*81 

8-69 

6-82 

6-23 

Fat, . . . . 

•10 

1*00 

77 

•22 

Sugar, .... 

•82 

4*47 

2*.37 

213 

Carbo-hydrates, 

38 93 

62*98 

49-97 

48*69 . 

Woody tibre, 

•33 

*00 

*38 

*62 

Ash, .... 

•84 

1-40 

1*18 

1*09 


The ash of a properly burnt wheaten-flour loaf seldom exceeds 
1*5 per cent, unless adultei*ated ; anything beyond 2 per cent, 
would be certainly suspicious of a mineral addition. There has 
recently been an agitation on behalf of whole meal bread,” and 
analyses of the greater richness of such bread in azotised con- 
stituents are frequently quoted ; but such a question cannot be 
decided by chemical analysis, or, at all events, by ordinary 
analysis, in which a few constituents are alone estimated. The 
question is rather a physiologico-cheinical inquiry, and the proper 
way to solve the problem is to go on the lines of the well-known 
experiments of G. Meyer. A healthy individual is taken and 
fed on known weights of the substance experimented upon, and 
the amount of undigested substance recovered from the fpeces 
is weighed. Meyer thus experimented on — 

(1.) Horsford-Liebig bread, which is made without the addition 
of yeast or leaven, the carbon dioxide being developed by the 
action of bicarbonate of soda on phosphate of potash. 

(2.) Munich rye bread, prepared from rye bread and coarse 
wheat meal and leaven. 

(3.) White wh eaten bread. 

(4.) North German black bread (Pumpernickel) prepared out 
of whole rye meal, and with the use of leaven. 

The amount of dry substance, &c., absorbed in percentages of 
these different breads, was found to be as follows : — 

Dry Substance. Nitrogen. Ash. 

1. The Black Bread, , . . 807 577 3*4 

2. Horsford-Liebig Bread, . . 88*6 67*6 61 9 

a Rye Bread, . . . . 89*9 77 *8 69 5 

4. White Bread, .... 94*4 80* I 69*8 

It is thus shown that of the black bread a person would have 
to eat very much more than of white bread. The white wheaten 
bread was nearly all absorbed. That this experiment was not made 
with whole wheaten meal is true, but it still unmistakably casts 
some doubt on the question as to whether whole meal would be 
more nourishing than pure white flour. 

AltercUions of Bread by Moulds, — Bed, green, orange, and 
black sppts occasionally appear on bread, and there are several 
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instances on record of great damage and loss from sucli parasitic 
diseases. 

In 1856, in France, M. Poggiale was commissioned to examine 
22,000 rations served out to the French troops, the bread of 
which had turned a bluish-black. The bread had been made 
of inferior grain, but it also contained an enormous number of 
bacteria. Kather frequently, also, bread and other foods have 
been attacked by an orange-red growth, which has been attri- 
buted to a fungus, to which has been given the popular name 
of the red-bread fuTigtis^ its scientific appellation being Oidium 
aurantiacum. A red algJB sometimes appears on bread ; it has 
been named the Palmdla prodvjiosay and has been specially 
studied by Dr. Antoine Francbini, of Bologna. To the eye, the 
algse resembles almost exactly drops of blood. It is composed 
of cells and filaments filled with a bright red colouring-matter, 
which would well repay examination. 

The more common moulds of bread are the whitish Mucor 
mucedo^ the green Aapergillas glaucan^ and the black Rhizopus 
nigricans. It has not yet been established that any of the 
moulds or growths enumerated are in themselves injurious to 
health; but, as may be expected, they damage the bread, making 
it deficient in nourishment, and unpalatable. 

§ 89, Adulterations of Bread, — The adulterations of bread 
enumerated by writers are sufficiently numerous, but those 
actually proved to exist are but fewr Among organic additions 
rice flour, potatoes, bean flour, and pea flour are usually given ; 
among mineral, alum, borax, sulphate of copper, sulphate of zinc, 
chalk, and carbonate of magnesia. 

In 1843 and 1847, some bakers in Belgium were convicted of 
adding sulphate of copper to their bread, and this fraud has been 
repeated a few years ago by a baker of Calais. There is, however, 
no reason to believe that English bakers are addicted to these 
practices, and, as a fact, no conviction has been obtained save for 
the use of alum. The detection of rice flour, bean flour, foreign 
seeds is to be undoiiiaken in the same way as described in the 
sections on flour, save that here the chemical tests are more useful 
than the microscopical. It is an extremely difficult thing to 
detect and identify most starches when they have been swollen 
by heat and altered by fennentation. The only feasible course 
appears to bo to make bread of flour adulterated with the sub- 
stance suspected to be present, and examine sections and wash- 
ings of such bread side by side with similar sections and washings 
of the suspected bread.* 

* An exception may, perhaps, be made to this statement in the case of 
potato starch, which may be recognised tolerably/ easily even in bread. 
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. § 90. Alum in Bread , — Alum is added to bad or slightly 
damaged flour by both the miller and the baker. Its action, 
according to Liebig, is to render insoluble gluten which has been 
made soluble by acetic or lactic acids developed in damp flour, 
and it hence stops the undue conversion of starch into dextrine 
or sugar. 

The influence of alum on health, in the small quantities in 
which it is usually added to bread, is very problematical, and 
rests upon theory more than observation. But notwithstanding 
the obscurity as to its action on the economy, there can be no 
difference of opinion that it is a serious adultemtion, and not to 
be permitted. 

In searching for alum, the crust and the crumb should be 
analysed separately; for many bakers use for the latter a flour 
technically called cones,” which is strongly alumed, and pre- 
pared from a fine species of wheat grown in the south of Europe, 
mixed with rice. Tliis mixture is used for dusting the kneading 
trough and kneading boards ; in point of fact, for ^^fcLcing the 
sponge previous to baking it. To search for alum in the crust, 
there is no other method save burning to an ash, as shortly to be 
described ; but with regard to the crumb of bread, the qualiiative 
test is the same as for flour — viz., an ammoniacal tincture of log- 
wood. From 300 to 400 grains of bread are crumbled in distilled 
water, and a slip of pure gelatine added, and the whole allowed 
to soak for twelve hours. On dissolving the gelatine in a little 
logwood, to which its own volume of a ten per cent, solution of 
ammonium carbonate has been added, if the bread is pure the 
solution will be reddish-pink; if the bread is alumed, the solution 
will be blue, and exhibit the spectroscopic appearances described 
in the note at the end of this volume (see Index), This blue 
colour is not absolutely decisive of alum, for bread adulterated 
with magnesia carbonate exhibits the same reaction ; but if such 
a colour is produced, the bread requires further examination. 

The author, in some special researches, has recently discovered 
that a certain portion of alum may always be washed out of 
bread as alum. He employs the following process : the bread 
is soaked in water for at least twenty-four hours (about 2 
litres of water are used to 100 grms. of bread). The bread is 
separated by means of a sieve, and the mass afterwards pressed 
in a cloth, ultimate clear filtration being obtained when necessary 
by aid of the mercury pump. This extract may be concentrated 
in a platinum disli, and when cooled a slip of gelatine allowed 
to steep in a portion over night. The gelatine on being 
stained with logwood will exhibit a blue colour, if magnesia or 
alum is present. Another portion of the extract is dried and 



BREAD. 


169* 


§90.] 

burnt up in the usual way, as in the process to be described, and 
the phosphate of alumina separated. The phosphate of alumina 
is now fused with sodic sulphate, the result of the fusion being 
sodic phosphate and alumina. The sodic phosphate is* washed 
out with water; the alumina boiled with a drop or so of dilute 
si\lphuric ; and to the sulphate of alumina thus obtained, a little 
solution of ammonia is added, and the whole put in a watch- 
glass to crystallise over sulphuric acid. To obtain crystals in 
this way is often very dilOQicult, but that alum is really present 
can be readily proved by the reactions of the solution with 
reagents. By strictly following these directions, a very small 
quantity of alum can be detected. In a test experiment in a 
sample of bread in which 5 grains of alum had been added, it 
was found possible to obtain 1*5 in aqueous solution. 

Tho qiiantilixtive method for estimation of the total alumina 
ill bread, as originally proposed by Dupr6, and slightly 
modified by Wanklyn, is as follows : — 100 grms. of bread are 
incinerated in a platinum dish, until the ash does not exceed 2 
grms. in weight. The ash is then moistened with 3 cc. of pure 
strong hydrochloric acid, and 20 to 30 cc. of distilled water 
added ; the whole is boiled, filtered, and the precipitate (consist- 
ing of unburnt carbon and silica) well washed, dried, burnt, 
and weighed. To the filti*ate containing the phosphates, 5 cc. 
of strong solution of ammonia are added. If the bread has 
been alumed, the phosphates now precipitated are those of lime, 
magnesia, iron, and alumina, of which the latter (viz., j)hosphate 
of iron and alumina) are insoluble in acetic acid, so that their 
separation is easy. The liquid is strongly acidified with acetic 
acid, boiled and filtered, and the phosphates of alumina and iron 
washed and weighed. Unless the liquid has been acidified 
sufficiently, pliosphate of lime contaminates the precipitate and 
vitiates the results, so that this is an essential point. The last 
step is resolution of tho precipitate in acid, and the estimation 
of the iron ; this is usually best effected by a colorimetric process. 
A standard solution of metallic iron is made by dissolving a 
gramme of fine iron wire in nitro-hydrochloric acid, precipitating 
with aihmonia, washing the peroxide of iron, and dissolving 
it in a little hydrochloric acid, and diluting accurately to 1 
litre [1 cc. = 1 mgrm, of metallic iron]. On now adding to an 
unknown very dilute solution of iron a known quantity of strong 
ammon. sulphide, a certain colour is produced, and this colour 
is exactly imitated in the usual way by a similar quantity 
of ammon. sulphide and tho standard solution, the whole opera-* 
tion being conducted on the well-known principles of colorimetric 
estimation. The amount of iron in the precipitate being known. 
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it is calculated into phosphate, and the phosphate of iron sub- 
tracted from the total weight of the precipitate gives tlie 
weight of the phosphate of alumina. From Mr. Wanklyn’s 
experiments it would seem that in the case of bread ash, it 
is unnecessary to evaporate the hydrochloric solution to dryness, 
as is usually done, and that the separation of silica is complete 
by .the method just detailed. 

Another perfectly valid way of estimating alumina in bread 
or flour, consists in a modification of the old Normandy process. 
The bread is burnt up as before, tlie ash powdered and treatfid 
with hydric chloride, diluted with water, boiled, and filtered. 
The filtered solution is again boiled, and whilst boiling })oured 
into a very strong solution of sodic liydmte, the whole boiled, 
filtered, and washed. To the filtrate is added a few drops of 
disodic phosphate, it is then slightly acidified with hydric 
chloride, and subsequently rendered just alkaline by ammonia. 
The precipitate is collected, washed, and weighed as alumina 
phosphate. 

The following table will be of use in the conversion of plios- 
phate of alumina into alum : — 


Phosphate of AluzninfL 

Ammonia Alum, 

Potash Alum, 

AljOaPOa 


NU4,Al,2S04.1‘iU20. 

KAl,2SO4,12Ua0 

Parts. 


Parts. 

Parts. 

1 

= 

3733 

4*481 

2 

r= 

7*466 

8*962 

3 

s 

11199 

14*443 

4 

= 

14*932 

17*924 

5 

s= 

18*665 

22*405 

6 

rs 

22*398 

26*886 

7 

= 

26*1,31 

31 *367 

8 

5= 

29*864 

35-848 

9 

= 

33*697 

40*329 

10 


37*336 

44*813 


If it is desired to separate the phosphoric acid, the phosphates 
of alumina and iron may be treated with six times their weight of 
sodic sulphate, as before stated. Since, when operating in the 
usual way, the alumina is not recovered as alum, but as a salt 
of alumina, it is of importance to know whether alumina is con- 
tained in unadulterated flour, and if so in what quantity. It is 
certain that properly cleansed wheat contains no trace of alumina; 
but particles of clay from the ground, as well as sand from the 
millstones, do as a fact get into wheat flour, and there is no second- 
class flour in commerce which does not contain some small per- 
centage of alumina. It might be expected that this adventitious 
alumina would have some sort of relationship to silica, for it 
may be presumed to exist as silicate of alumina. We fortunately 
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possess a few analyses by Dr. Dupre, and an elaborate research 
of Mr. Carter Bell, which will very fairly settle the question. 
Dr. Dupre analysed twelve commercial samples of flour, none of 
which gave any reaction with the logwood test, and the results 
of the quantities of alumina and silica are as follows : — 

Alumina, Silica, 

Per cent, of Ash. Per cent of Ash. Ratio. 

Minimum, . . . *63 3*08 1 : 4*7 

Maximum, . . . 3*72 26*91 1 : 7 2 

Mean 1*98 10-4 1:5*2 

Mr. Carter Bell analysed no less than forty samples of flour, 
none of which contained alumina as alum, and the following are 
the main results : — 


Mimmum, 


Alumina. 

•003 

Sili<m. 

-009 

Batio. 

1 : 30 

Maximum, 


•01 1 

•109 

1 :91 

Mean, 

. 

•004 

•034 

1 : 8-6 


Mr. Carter Bell also analysed thirty-two samples of bread, 
none of which gave any reaction with the logwood test; the 
main results of these analyses are as follows : — 


Minimum, • 



Water. 

40-30 

Silica. 

•010 

Iron 

Phosphate. 

•0005 

Alumina 

Phosphate. 

•0022 

Maximum, . 


, 

49*50 

•039 

-0040 

•0082 

Mean, 

• 

. 

45*56 

*016 

•0018 

*0049 


In these last researches with relation to bread, the ratio 
between the silica and alumina is 1 of silica to 7*1 of alumina. 
If the alumina is translated into alum, the important result is 
obtained that the number of grains of alumina, if calculated 
into alum, about equals the silica. Thus, in the mean of the 
thirty-two samples of flour, the alumina was 4 mgrms. Now 4 
mgrms. *004 of alumina is equal to *035 of ammonia alum, and the 
silica is *034. Or, again, if the mean numbers of the silica 
and alumina of the thirty-two samples of bread are taken, there is 
•016’silica to *019 of the phosphate of alumina turned into alum. 
This, if calculated on the 4 lb, loaf, would be a little over 5 grains 
of alum. Hence from these researches it is clear, that in cases 
in which the analyst finds the presence of alum in bread from 
tests detailed, and then burns a quantity of the bread up, and in 
the ash estimates the ]>hosphate of alumina and the silica, it will 
be a perfectly fair calculation, to allow for every part of sUica 
found one part of aXum^ and this qvmxtity is to be deducted as 
natural to the flour in the final ccdculation. 
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BIBLIOGRAPHY RELATIVE TO FLOUR AND BREAD. 

All the general treatises, without exception, enumerated at page 43 have 
articles or chapters on flour and bread, and may be consulted. 

Bala. — Farine de bl6 adalt6r<fe par de la farine de Lathyrus. Union 
Pharm,, 1861, t. ii., p. 151. 

Barrnel. — Sur ime pretendue falsification du pain par les sulfates de cuivre 
et de zinc. Ann, <VHyg, et de MM L€g,^ 1832, t, vii., p. 198. 

Bell, J. Carter. — On Analysis of Flour and Bread. AncUynt^ vol. iv., 1879, 

p. 126. 

Bibra, V. — Die Getreidearten u. das Brod. Numberg. 1871. 

Blyth, a. WYNTER.—Note on “Alum in Bread,’' Analyst^ June, 1878; 
Improved Processes for the Detection and Estimation of Alum in 
Bread and Flour, Analyst^ Jan., 1882; Art. “Bread” in Dictionary 
of Hygiene. Lend. 1876. 

Bolas, Thomas. — Gkem. News, 1873; Dingler*g Polytechn. Journal. Bd. 209, 
§. 399. 

Briois, C. a. — Sur le gluten et le melange de differentea farines. (TMse de 
pharmacie.) 1&6. 

Chevallier. — Various papers on flour and bread adulteration. Ann. 
d'Hyg. et de MM. Leg., 1840, t. xxiv., p. 82; ib., 1841, t. xxvj., p. 
126; ib., 1842, t. xxvij., p. 306 ; ib., 1843, t xxix., p. 39 ; ib., 1^3, 
t. xlL, p. 198; t. xliiL, p. 171; t. xlix., p. 402; t. 1., p. 147. 
Journal d' Hygiene, May, 1878. 

CoMAiLLE. — Journ. Pharm. (4), iv. 108; also Chem. CentralhL, 1877, 585. 
Chezeah. — Sur la feculc de pommes de terre mOKio aux farines. Journ. 
P/iarm. et Ckim., 1829. 

Cleavor, E. L. — A New Method for the Detection of Alum in Bread. 

Pharm, Journ. (.3), April, 1874, t. iii., p. 857. 

Crookes. — The Detection of Alum in Bre^. Chem, News, 1872, t. viij,, 
p. 383. 

Dopr^, A. ^Ghem. News, 1 876. Preliminary note on the Detection of Alum 
in Flour, Analyst, No. 28, 1878. 

The Detection and Estimation of Alum in Wheat Flour, *6., vol. 

iv., 1879, p. 126. 

Franchinx, Antoine. — “ Palmelle prodigieuse.” Bologne, 1880. 

Ganbau. — “Alterations et falsifications des farines.” Lille, 1856. 
Gaultier de Claubry.— d!Hyg. et de Mid, L6g., 1847, t. xxxviij., p. 
151 ; ib., 1843, t. xxiv., p, 347; i6,, Bull, de VAcad, de MM,, 1871, 
t. xxvj., p. 729. 

Hadon. — Recherche de I’alum dans le pain. Journ. Chim. MM., 3e se'rie, 
1878, p. 240. 

Kuhlmann. — Considerations sur Pemploi du sulfate de cuivre et de di- 
verses mati^res salines dmis la fabrication du pain. Ann, d^Hyg. et 
de Med, Leg,, 1831, t. v., p. 339. 

Mayer, W. — Ann. de Chem, u, Phamu, Bd. 101. 

Meyer, 0 r ,--~^ Zeit 8 chr\ft f . Biologie , 1871| p. 1. 

Orfila. — Sulfate de cuivre dans le pain. Arch. GSn, de MM., Mars, 1872 ; 

Ann. d'Hyg. et de MM. L%g., 1829, t. i., p. 297. 

Pa YEN. — Alteration du pain. Gomptes rendus de iAcoAMnie des iScience^, 
Juillet, 1^8 ; Journ. de Pharm,, xvi., p, 279. 

PoQoiA:^.-»Sur une alteration speciale et extraordinaire du pain de muni- 
tion. Bull, de VAcad. de Med,, 1871* ^ xxvj. 

Kztthausen, A.— -/ourn. Pract, Chem,, Ixxxv. 193 ; Ixxxvj. 257 ; Ixxxviii. 
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141 ; xci. 296 ; xcix. 439 ; ciii. 65, 193, 233, 273. Die Eiweisskbrper 
der Getreidearten. Bonn, 1872. 

Rivot. — Sur Texamen des farines et du pain. Annalea des Mines, 5 Ser., 
1866, t. X., n. 131. '• 

Rodriguez. — Surle melange de lafarinede foment avec d’autres farines. 
Ann. d'Hygihie et de M€d. 1831, t. vj., p. 199 ; Ann. de Chem. 
et Phya., t. Iv., p. 45. 

Wanklyn, a.— A lum in Bread. Proceedings Soc. of Analysts, i., 1876. 
Young, W. C. — Estimation of Alum in Bread. Analyst, June, 1878. 


CHILDREN’S FARINACEOUS FOODS. 

§ 91. There are a great variety of farinaceous foods in com- 
merce, most of them entirely unsuited to be the food of young 


TABLE XIL— INFANTS’ FARINACEOUS FOODS. 



Salts. 

Fat 

A Ibum- 
inoids. 

Carbo-hydrates. 

I. Biscuit foods, made from baked 
wheat flour and condensed 
milk : — 




Soluble Insoluble 
in Cold in Cold 
Water. Water. 

Nestles’, 

217 

3-67 

9*85 

41*16 

37*85 

,, • • . • • 

1*85 

4-75 

10-06 

76-08 

,, . • • • • 

1*70 

... 

9-50 

78*72 

Gerber & Co., in Thun, 

1*45 

4-75 

13*69 

75-72 

Anglo-Swiss, .... 

1-74 

5-02 

10*33 

43*51 

33*55 

,, .... 
Giffey, Scheele & Co., in Rohr- 

1-46 

5-44 

8*84 

48*5 

27*95 

bach, 

1-78 

4-34 

12*86 

47*68 

29*94 

Faust and Schunster in Gottingen, 

»> >» 

II. Otlier vaneties of condensed 
' infants’ foods : — 

1-76 

5-83 

10*71 

48*62 

27*59 

1-85 

4*75 

10*96 

39*12 

34*70 

Gerber’s lactodeguminose, . 

2 to 3 
(0-4 to 
*05 of 
SOs) 

5 to 6 

GO 

1 

70 to 65 

Liebig’s children’s soup. 

1*71 

0-82 

8*41 

48*61 

lacto-leguminose, . 
French’s children’s flour, . 

301 

200 

1-34 

20*47 

16*25 

49*41 

(according to the German patent 
made of si^gar mixed with wheat 
flour.) 

(•69 

FO,) 

4*26 

16-80 

71 09 

Ridge’s food, . • . • 

(a mixture of various flours.) 

113 

1*95 

9*65 

8*12 

75*47 

Dr. Coffin’s food, N.Y., . . 

(made chiefly from leguminose 
flours.) 

3-02 

1*59 

17-15 

35*12 

9^*82 
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infants. A child at the breast is more of a carnivorous than an 
omnivorous animal ; and will digest all kinds of meat-broth, 
meat itself, and albuminous fluids with comparative ease ; but if, 
instead of the natural milk of the mother, a large amount of 
starchy and saccharine food is given, so little may be digested 
that the infant is starved. 

Some of the farinaceous foods, like, for example, “ Poison’s 
Patent Flour,” consisting of the flour of Indian corn, are made 
entirely from one ingredient ; the majority are, however, mix- 
tures of starchy, saccharine, and albuminous powders. 

A few examples of these foods are given in the preceding 
Table (XII.) 


OATS, OATMEAL. 

§ 92. Of the various species of oat the A vena saliva and Avma 
orienialis are the two chief species now cultivated ; but the 
varieties of these two species, according to soil, method of culti- 
vation, &c., are very great. 



Fig. 21 is a section of the oat, x 190 : a is the outer layer corresponding 
to the bran of wheat ; 6, the cells of the inner covering of the seed ; c, the 
gluten cells ; d, starch-holding cells. The starch granules at B are multi- 
plied by 350. 

As met with in commerce, oats consist of the seeds enclosed 
in their palem or husk. The mean composition of the ground 
oats, or oatmeal, is as follows : — 

Per cent. 


Water, 12*92 

Nitrogenous matter, . . . . 11*73 

Fat, 6*04 

Sugar, 2*22 

Dextrine and gum, .... 2*04 

Stored 61*17 

Fibre, 10*83 

Ash, 3*06 


04T8, OATHEAL. 
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The nitrogenous substance is composed of gliadin and plant- 
caseine. The gliadin” (according to H. Hitthausen and TJ. 
Kreusler) has a much higher percentage of sulphur than the 
gliadin of wheat] the sulphur being 1*G6 per cent, of the sub- 
stance, while wheat gliadin has *85 per cent, of sulphur. The 
l>lant'easeine lias the com^iosition of legumin, but the properties 
of gluten-casein e. Von Bibra also states that oatmeal has 1-24 
to 1 *52 per cent, of albumen. The oat possesses a greater pro- 
portion of fat than other cereals. The comiiosition of the fat is 
us follows \Kdnig \ : — 

Per cent. 

Glycerine, 2*8 

Oleic acid, 60*5 

Stearic and pahnitic acids, . . . 36*7 

Hence it follows that there is some free fatty acid.* The com- 
])osItion of the ash of oats is as follows : — 


Potash, 

Per cent. 

17*00 

Soda, .... 

2*24 

Lime, .... 

3*73 

Magnesia, . 

706 

Ferric oxide, 

•67 

Phos]>horic acid, . 

2303 

Sulphuric acid, 

1*36 

Silica, . . . 

44*33 

Chlorine, 

•58 


The richness of oats in oily mattei's and in protein compounds 
is an explanation of its great nutritive powers. 

AdiJteration , — The chief adulteration of oatmeal is with barley- 
meal, and more than one conviction has tiiken place in this 
country for quantities of from about 15 per cent. The method 
of detecting and estimating this adulteration is wholly by mici’o- 
scopical means, and is detailed at page 139. The defence which is 
to be expected in prosecutions for adulterated oatmeal is, that 
tlie barley has become mixed with the oats in an accidental 
manner. As a fact, genuine samples of oatmeal frequently con- 
tain some barley starch, so that it is only a question of quantity. 
Should, however, the barley starch show anything like 2 or 3 per 
cent., such percentages have not been yet known to occur save 
as wilful or fraudulent admixture in oatmeal, and the analyst 
should not have the slightest hesitation in certifying and letting 
the case be tried upon its merits. 

* There is some free acid, if the amount of glycerine is correct ; but the 
8aiK>ni6cation was by lead oxide, which gives a lower percentage of glycerine 
than when potash is used. 
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BARLEY. 

§ 93. There are several species of barley under cultivation in this 
untry, all of which may, however, be considered as varieties of 

the following species 
of hordeum : — II. 
hexastichon^ IL vul- 
ga/re^ II. zeocritoriy 
and II. disiichon. It 
is used as a food in 
the form of barley- 
meal,’" the grain be- 
ing ground whole, 
and as pearl barley, 
the latter being the 
grain deprived of its 
coverings and round- 
ed by attrition. 
Barley-meal in the 
time of Charles I. 
almost entirely took 
the place of wheat 
as the food of the common people, especially in the north of 
England. The composition of barley-meal is as follows : — 

Per cent. 

Water, . 15*06 

Nitrogenous substances (albumen, I *0 to 1 *7 per cent. ), 11 *75 


Fat, 1-71 

Carbo-hydrates (sugar, 1*2; dextrine, 1*7), . . 70*90 

Woody fibre, *11 

Ash, *47 


The nitrogenous substances are, it would appear, similar to 
those of wheat, comprising albumen, gliadin, gluten-caseine, 
gluten-fibrine, &a Tlie constituents of the ash of barley are as 
follows : — 

For cent 


Potash, 20*16 

So^ 2*53 

lime, 2*60 

Magnesia, 8*62 

Ferric oxide, ..... *97 

Phosphoric' add, 34*87 

Sulphuric add, 1*39 

SiHca. 27*64 

Chlonne, *93 


Barley-meal is used as an adulterant of various foods, but in 



Fig. 22 is a section of barley, x 190 : a is the 
layer of cells forming the outer coat of the seed ; 
h, the inner ; c, the gmten cells, and d the starch- 
holding cells. By barley starch, x 350. 


RYE. 
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itself it is little tampered with. The detection of adulterations 
is mainly microscopical, and the dimensions and appearances of 
barley-starch are described at page 142. 

Ba/rley Bread , — Barley bread, though but little used in Eng- 
land, is eaten in some parts of the Continent. The mean of two 
analyses by Von Bibra is as follows : — 

Piar cent. 


Water, 12*39 

Nitrogenous substances, . . . 5*91 

Fat, *90 

Sugar, . . 3*95 

Carbo-hydrates, 71 *03 

Woody fibre, 5*63 


RYE. 


§ 94. The seed of the Secah cereaUj in the form of rye-bread, was 
once a common article of diet in England, and it is now used 
as the daily bread of the northern European nations. Tlie mean 
composition of rye flour is as follows : — 

Per cent 


Water 14*24 

Nitrogenous substances, . . . 10*97 

Fatty matters, 1 *95 

Sugar, 3*88 

Gum, 7*1'3 

Starch, ...... 58*73 

Woody fibre, 1’62 

Ash 1*48 


The nitrogenous substances in rye are made up of albumen, 
mucedin, and gluten-caseine-,. but gluten- fibrine and gliadin do 
not appear to be present. The fat extracted from the rye has, 
according to Konig, the following com^position : — 


Per cent, 

Glycesiue, 1 *30 

Oleic acid, . . . . . . 91 *60 

Palmitic and stearic acids, . . 8*10 


It, therefore, consists only in part of glycerides, some of the 
acids being in the free state.* The gum, according to M. H. 
Ritthausen, is soluble in alcohol, and has the ordinary composi- 
tion of gum. 


* The fat was saponified* by lead oxide. (See the note on page 175, and the 
observations in the article on Olive OiL”) 

13 
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The ash of the rye-flour has, according to V. Bibra, the follow- 
ing composition : — 

Per cent 


Potash, 38*44 

Soda 1 *75 

Lime, 1 *02 

Magnesia, 7*99 

Ferric oxide, 2*54 

Phosphoric acid, 48*26 

Sulphuric acid, 

Chlorine, 


The composition of fresh rye-broad, according to twenty- 
seven analyses, from various sources^ collected by Konig, is as 
follows : — 


Water, 

Nitrogenous matters. 
Fat, 

Sugar, . 

Carbo-hydrates, . 
Fibre, . 

Ash, , • 


Minimum. 

Maximum. 

Mean. 

Per cent. 

Per cent. 

Per cent. 

35*49 

48*57 

44*02 

3*49 

9*2*2 

602 

0*10 

•83 

•48 

1*23 

4*55 

2*54 

32*82 

51*13 

45*:i3 

■29 

•39 

*30 

*86 

3 08 

1*31 


None of the cereals are so liable to become ergotised as ry(j. 
[See vol. ii., article on Ergot.”] Roasted rye has been used to 
adulterate coffee, chicory, and other substances. It furnishes, by 
appropriate treatment, a good malt for the distillation of spirits, 
and is used in the manufacture of Hollands. 


RICE. 


§ 95. Rice is obtained from the Oryza sativa, and the term is 
popularly applied only to the seed denuded of husk and inner 
cuticle, the composition of which is as follows : — 

Per cent 


T f • a • 

Nitrogenous substance, 
Fat, .... 
Starch, 

Woody fibre, 

Ash, . • « . 


14*41 

6*94 

*51 

77*61 

*08 

*45 


The oil which is obtained from the rice embryo has a density 
of *924 at 15% and at 5^ becomes thick and buttery; it contains 
much oleine and an albuminous substance.* 

* A. Pavesi, and E. Botondi, ChzeUa Chemka ItaUam, iv. 192-195. 
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The composition of the ash of rice is as follows : — 


■79 


Por wot. 


Potashf 21 *73 

Soda, 5*50 

Ume 3-24 

Magnesia 11*20 

Ferric oxide, 1*23 

Phosphoric acid, 53*68 

Sulphuric acid, *02 

Silica 2*70 

Chlorine, *10 


Rice is said to be adulterated from time to time with other 
starches, but it is in itself so cheap that it is more likely to be 



Fig. 23 represents the microscopical structure of rice. The figure is a section 
of the seed, x 190. a, is the outer husk, c, the gluten cells, and d, the starch- 
liolding cells. B. The starch cells, x 3^. 

used as an adulterant than tampered with. The microscopical 
examination of a sample would easily detect any foreign matters. 
Tlie size and characters of the little gi’anules have been 
already described at page 143, and are entirely different from 
all the other starches. A chemical method of detecting the 
falsification of rice has been proposed by M. Van Bastelaer. It 
appears that a saturated solution of picric acid does not cause the 
least precipitate in a cold watery extract of rice; but' if maize 
starch, leguminous starches, or other matters be present, there is 
a more or less abundant precipitate. The quantities recommended 
are 20 grms. of the powdered rice steeped for an hour in 100 
grms. of water, and then the infusion decanted; to this infusion 
tlie picric-acid test is applied. 
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MAIZE. 

§ 96. Maize, or Indian Corn {Zea Maya)^ a native of tropical 
America, is extensively cultivated in America, Africa, Southern 
Europe, Germany, and other countries. It is ordinarily met 
with as the Indian-cora meal of the shops, and forms the basis of 
many ‘‘infants* foods;’* its use appears to be on the incredae. 
According to a recent analysis of A. Riche, maize has the 
following composition : — 

Por cent. 


Water, 17 10 

Starch, 59*00 

Albumen, 12 80 

Oil, 7 00 

Dextrine and sugar, 1*50 

Cellulose, 1 *50 

Ash, 1*10 


100 00 

According to Konig, the fatty matter of the maize contains 
6*46 per cent, of glycerine, 79*87 percent, of oleic acid, and 16*14 
per cent, of stearic and palmitic acid. The mean composition of 
the ash from nine analyses of maize is as follows : — 


Potash, 

Per cent. 

21*73 

So<la, 

5*50 

Lime, 

3*20 

Magnesia, 

11*20 

Ferric oxide, 

1*23 

Phosphoric acid, 

53*68 

Sulphuric acid, 

*62 

Silica, 

2*74 

Chlorine, 

•10 


100*00 



Fig. 24 represents a section of the seed, x 190 ; and B. the starch, x 350. 
a 'is the outer husk; the iouer ; c is the gluten cells; d, the starch- 
holding cells. 


MILLET. 
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An aqueous decoction of maize gives with a little iodine a 
peculiar reddish-purple colour. On placing the iodised decoction 
in the dark, after some eight to twelve hours the precipitate 
becomes dirty white, and the supernatant fluid milky; if an 
excess of iodine is added the precipitate is then red, but it also 
be<!omes decolourised in the dark. Maize is said to be occasionally 
adulterated with potato starches, i&c. ; these a microscopical 
examination will at once detect. M. Genin has given certain 
chemical reactions, based upon the different hues which mixtures 
of maize and potato starch assume when treated with iodine, and 
also a jjrocess based on the volume which a precipitate obtained 
by lead acetate in an alkaline extract occupies in pure and 
adulterated samples. These processes are, however, far too loose 
to be of any service. 


MILLET. 


§ 97. The millet seeds are derived from two species of panicum, 
Panimm viiliaceiirn and Panicum italicum. It is extensively used 
among the Chinese and Eastern races as an article of diet, and its 
nutritive power is about equal to that of rice.* The avei-age 
composition of millet deprived of its coverings, according to six 
analyses, is as follows (Kdnig) : — 

Per cent. 


Water, 1 1 '26 

Nitrogenous substance, 11*29 

Fat 3*56 

Sugar, 1*18 

Dextrine and gum, 9*06 

Starch, 60*09 

Cellulose, ........ 4*25 

Ash, . . * 2*31 


The composition of the ash of the millet deprived of husk is as 
follows : — 

Per cent. 


Potash, 18%36 

Soda 3*82 

Lime, 

Magnesia, . 21*44 

Ferric oxide, 1 *82 

Phosphoric acid, 44*21 

Snlphurio acid, 2*02 

Silica, 8*33 


* In the author’s “Dictionary of Hygifene” will be found a remarkable 
experiment on the nutritive qualities of millet. 
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POTATO. 

§ 98. The chemical composition of the uncooked potato is, 
according to the analysis of some fair average tubers, as follows : — 


Water, .... 

Per cent. 
76-00 

Starch, .... 

19*68 

Sugar, .... 

1-20 

Albumen, .... 

. . . -70 

Gum, .... 

•40 

Asparagin, .... 

•30 

Fat, . . . 

•30 

Solanin, .... 

•05 

Nitrogenous substance, 

•15 

Insoluble matter, 

•40 

Ash, 

•82 


100*00 


A summary of seventy analyses, determining the principal 
constituents of the potato, is given by Kbiiig as follows: — 


Water, 

Minimum. 

68*29 

Maximum. 

32*22 

Mean. 

75*77 

Nitrogenous substances, 

•51 

3*60 

1 79 

Fatty matters, 

. ' *05 

•80 

•16 

Starch, 

12*05 

26*57 

20*56 

Woody fibre, 

•27 

1*40 

•75 

Ash, .... 

*42 

1*46 

*97 


It is thus seen that, according to all analyses, some 95 per 
cent, of the potato is water anti starch. The nitrogen of the 
potato, which, according to the old method of analysis, would be 
reckoned into albumen, or, at all events, into protein substance, 
is derived from albumen, asparagin, solanin, and amido acids. It 
has been calculated tliat about 56 per cent, of the total nitrogen 
is derived from asparagin and amido acids — a fact which must 
be remembered in diet calculations. 

Besides the constituents enumerated, there arc certain 
organic acids in the potato which may be extracted in small 
quantities by sulphuric acid and ether. Among these are citric 
and succinic acids, and possibly the presence of these organic 
acids in part accounts for the antiscorbutic power possessed by 
thepotato. 

The composition of the ash of the potato, according to fifty- 
three analyses by E. Wolff, is as follows : — 


Potash, 



Minimum. 

43-96 

Maximum. 

73-61 

Mean. 

60*37 

So^ . 



• •• • 

16 93 

2*62 

Lime, . 



•51 

6-23 

2*57 

Magnesia, » 



1-32 

13*58 

4-69 

Ferric oxide, 



*04 

7-18 

118 
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Phosphoric acid, . 

Minimum. 

8*39 

Maximum. 

27*14 

Mean. 

17*33 

Sulphuric acid, 

*44 

14*89 

6*49 

Silica, ..... 

... 

8*11 

2*13 

Chlorine, . ... 

•85 

10*75 

3*11 

Perceotage of ash in dried 
substance. 

2*20 

5*30 

3*77 


The potato is very subject to a fungus disease, the life-histoiy 
of which has of late years been very fully elucidated by various 


observers, and 
more especially 
by Worthington 
a Smith. The 
fungus is named 
botanically Pero- 
nospora infeatanSy 
and the manner 
in which it grows, 
and its method 
of reproduction, 
is shown in the 
annexed wood- 
cut (fig. 25). 

The figure re- 
presents the very 
highly magnified 
section of a potato 
leaf, and the 
mycelium of the 
peronospora 
growing among 
the cells. A, A 
are the natural 
hairs of the 
potato leaf; B,B 
are the upper 
and lower layers 
of the healthy 
cells. The threads 
and bodies at C, 
D, E, F, and O 
belong entirely 
to the fungus. 
The fine thread 



at C is a direct Fig. 25. 

continuation of the spawn or mycelium living inside, and at the 
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expense of the leaf tissue. Emerging into the air, the thread is 
seen to bear two distinct species of fruit — one, D D, called 
simple spores or gonidia, while at E F are what are known as 
“swarm spores.” The swarm spores, when moistened, set free 
fifteen or sixteen bodies, known as “zoo-spores,” so named because 
they are endowed with spermatozoa-like motion, being furnished 
with two lash-like tails, which they move with great rapidity. 
A zoo-spore, when it falls on a leaf, has a surprising power of 
con-oding the epidermis, and entering into the tissue. This 
action is i)robably due to some special solvent secreted by the 
zoo-spore. When movement ceases, the tails disappear, and a 
minute thread is protruded at one end, which develops into a 
network of mycelium. Both of these methods of production are 
asexual ; but there is a third method which is sexual, and the more 
important, because, in this case, there are structures formed 
which resist frost and a variety of influences destructive of the 
former fragile structures. This third method is the production 
of oospores by the conjunction of two organs — the one named 
antheAdium^ and analogous to the anther of a flower, and the 
other oogonium^ and analogous to the ovary of a flower. The 
oospores are dark-brown in colour, reticulated, and covered with 
little warty prominences about -001 inch in diameter.* 

Ahwlysis of iho FotcUo . — Since the potato is mainly composed 
of water and starch, a careful determination of those substances 
by the processes aleady enumerated will be sufficient for most 
purposes. For those in which great accuracy is not required, it 
will be sufficient to take the specific gravity of the potato, and 
then refer to the following table. This table, for fairly good 

* The Peruvians make a national dish from frozen potatoes, which they 
call ^‘chuno.” The x)otatoes arc steeped for a little while in water, then 
exposed for a few days to sharp frost, washed, and rubbed. By this method 
the peel becomes detached, and the starchy matters are dried in the sun or 
in an oven. The dried hard tubers are cut in thin slices and baked, and 
eaten with the addition of Spanish pepper. An analysis by Meisel ( Wagner'n 
Jahresbericht der Chemisch TecJinoly 1881) is as follows: — 


Water, .... 
Starch, .... 

Nitrogenous matter, 

Woody fibre, , 

Fat, .... 

Ash,. . ' . 

Soluble constituents in water, . 


Per cent. 

13080 

81^844 

nitrogen, *4 %. 

) Nitrogen soluble in water, *03 %. 

M33 

•182 

•356 

•400 sugar. 

*141 asparagin. 

*601 soluble starch, dextrine, 
soluble ash constituents, Ac. 


1142 
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{potatoes, will give resultB of from within *3 to *5 per cent, of 
the true value; hut with regard to tubers poor in starch there 
may be a much larger error. 


TABLE XIIL— SHOWING THE PERCENTAGE OF STARCH AND 
. DRY SUBSTANCE CORRESPONDING TO VARIOUS SPECIFIC 
GRAVITIES. 


Specific 

gravity. 

Dry 

aubstanco. 

Starch. 

Specific 

gravity. 

Dry 

substance. 

Starch. 

1-080 

19-7 

13-9 

1*120 

28*3 

22*5 

1*081 

19-9 

14*1 

11-21 

28*5 

22-7 

1082 

20*1 

14*3 

1*122 

28-7 

22*9 

1-083 

20*3 

14*5 

1*123 

28 9 

23*1 

1*084 

20*5 

14*7 

1-124 

29*1 

23*3 

1-085 

20-7 

14*9 

1*125 

29*3 

23*5 

1-086 

20*9 

15-1 

1-126 

29-5 

23-7 

1*087 

21*2 

15-4 

1*127 

29*8 

240 

1*088 

21*4 

15*6 

1-128 

300 

24 2 

1 089 

21*6 

15*8 

1*129 

30*2 

24*4 

1*090 

21-8 

16-0 

1*130 

30*4 

24*6 

1*091 

22*0 

16*2 

1*131 

30-6 

24*8 

1*092 

22*2 

16*4 

1*132 

30*8 

25-0 

1 093 

22-4 

16*6 

1-133 

31*0 

25*2 

1-094 

22-7 

16-9 

1*134 

31*3 

25*5 

1-095 

22-9 

17-1 

1-135 

31-5 

25-7 

1-096 

23*1 

17-3 

1-136 

31*7 

25*9 

1-097 

23-3 

17*5 

1*137 

31*9 

26*1 

1-098 

23*5 

17-7 

1-138 

32*1 

26-3 

1-099 

23-7 

17-9 

1-139 

32-3 

26-5 

1-100 

24*0 

182 

1*140 

32*5 

26*7 

1-101 

24*2 

18*4 

i 141 

32 7 

27-0 

1-102 

24*4 

18*6 

1-142 

33*0 

27*2 

1-103 

24*6 

18*8 

1-143 

33-2 

27*4 

1-104 

24*8 

190 

1-144 

33-4 

27-6 

1-105 

25*0 

19-2 


33*6 

27-8 

1-106 

25-2 

19-4 


33-8 

280 

1-107 

25*5 

19*7 

^■ 9(9 

34*1 

28*3 

1-108 

25-7 

19*9 


34-3 

28*5 

1-109 

25*9 

20-1 


34-5 

28-7 

1-110 

26*1 

20*3 

1-150 

34-7 

28*9 

1-111 

26-3 

20*5 


34*9 

29*1 

1-112 

26*5 

20*7 


35-1 

29*3 

1-113 

26-7 

20-9 

1*153 

35-4 

29-6 

1-114 

26-9 

21-1 

1-154 

35*6 

29-8 

1-115 

27-2 

21-4 

1-155 

35*8 

300 

1-116 

27-4 

21-6 

1-156 

36*0 . 

30*2 

1-117 

27*6 

21-8 


36*2 

30-4 

1-118 

27-8 

22-0 


36-4 

30-6 

1-119 

38-0 

22*2 


36-6 

30*8 
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PEAS. 

§ 99. The pea is, without doubt, the most important of all the 
leguminous plants. The garden pea is derived from the Pisum 
saiipumy a native of the south of Europe, but long naturalised in 
this countrj. The field pea, grown for the purpose of feeding 
cattle, is the Pimm arvmae. 

Forty-one analyses collected by Konig give the following 
values ; — 



Maximum. 

Minimum. 

Mean. 

Water, 

22-12 

11-01 

14-31 

Nitrogenous substance, 

27-14 

18-56 

22-63 

Pat, 

3*30 

-64 

1*72 

Nitrogenous free extractive matter, 
Wooefy fibre, .... 

59*38 

41-90 

53-24 

10*00 

2-22 

6-45 

AkSh, ...... 

3*49 

1-76 

2-65 


The 53-24 per cent, of non-nitrogenous soluble matter is com- 
posed of 36-03 starch, 5-61 dextrine, and 11-70 other substances, 
among which is some sugar. Cholesterine is also found in peas, 
but there have been no researches as to its exact quantity. The 
most important principle of the pea is “legumin.'' Its amount 
varies in different species. Thus, H. Ritthausen found in tlic 
green field pea, 3-95 per cent.; in the yellow, 9-45, and in the 
grey, 7*30 per cent.; in the garden pea, 5 -40 per cent. 

In the young unripe condition, peas contain much more water 
than the proportions given above. Thus, Grouven found in 
young unripe peas and beans the following : — 

Greon Peas. , Green BeanH. 

Water, 79-74 91-34 

Carbo-hydrates, .... 13-03 6 '99 

Albaminoids, .... 6*06 2*04 

Salts, 1-12 -63 

The albumen of peas (which may be obtained by boiling the 
solution after it has been freed from legumin) diSers from ordi- 
nary vegetable albumen, both in elementary composition and in 
its behaviour to reagents. An analysis gives the following per- 
centages : — 

C, 62-94 ; H, 713 ; N, 1714; S, 104. 

After coagulation it dissolves in potash water to a clear liquid, 
which is hot the case with vegetable albumen. 

The analysis of the ash of peas gives the following as the 
extremes and mean of twenty-nine analyses:-— 
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Minimiun, 

Maximum. 

Mean. 

Potash, 


35*80 

51*41 

42*79 

Soda, . 


. 

3 57 

*96 

Lime, . 


2*21 

7*90 

4*99 

Magnesia, . 


5*80 

13*02 

7 96 

Ferric oxide, 


• ... 

383 

•86 

Phosphoric acid, . 


29*30 

» 44 *41 

36*43 

Sulphuric acid. 


. 

946 

3*61 

Silica, . 



3*02 

•86 

Chlorine, 



6*50 

1-54 


Peas, when putrid, undergo some peculiar change not yet 
investigated, resulting in the formation of a poison, perhaps 
similar to the cadaveric poisons described in the second part of 
this work.* 

For the general analysis of peas, the water, the ash, and the 
amount of starchy matters are estimated by the processes already 
detailed. To separate the legumin, the peas must be powdered, 
or, if fresh, mashed into a paste, and treated with successive 
quantities of cold water, which may be advantageously feebly 
alkaline, but must not have the least trace of acid. The legumin 
may now be precipitated by acetic acid, the precipitate dissolved 
in weak potash, again precipitated, and then dried and weighed, 

* Not very long ago a case of wholesale poisoning from this cailse occurred 
in Salford. Many persons who had partaken of slightly decomposed peas 
exhibited symptoms of irritant poisoning. The peas were chemically 
examined, but contained neither arsenic, copper, lead, or other metallic 
poison. [Phar. Joum, (3), 294.] The subject of the formation of new and 
poisonous substances in such an article of food would well repay investiga- 
tion. In Germany there has been used a condensed food made up of 
})owdered and dried meat, incorporated with i)ea-meal, by strong pressure ; 
it is scarcely necessary to say, that in this manner a food invalu^le for the 
soldier is obtained, and one that contains in a very small comy^ass all the 
essentials of nourishment. An analysis of these pea-meat tablets is as 


follows ; — 

Water, 


Per cent 

12*09 

Nitrogenous matters, 

. 

31-18 

Fat, 

. • • 

308 

Carbo-hydrates, .... 

. 

47-60 

A.8h, # • . ... 

. 

6-15 

A condensed pea soup is also prepared. 

Two analyses 

of this condensed 

soup, given by KOnig, are as follows : — 


2. 

Water, . . . . 

7-58 

8-08 

Nitrogenous matters, . 

16*93 

15*81 

Fat, . . ... 

8*98 

24*41 

Carbo-hydrates, . . 

5344 

^•78 

Woody tibre, .... 

1-34 

1*69 

A>sh, • . . • . ■ . . 

11-73 

13 23 
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Leguniin is almost insoluble in cold or warm water ; but since it 
may be extracted so easily from the fresh seeds, it is supposed to 
be in combination with phosphates of the alkalies when in its 
natural condition. But it is easily soluble in diluted alkaline 
liquids, and also readily dissolves in a solution of alkaline phos- 
phates; if boiled it becomes insoluble in alkalies. Pure alkaline 
solution of legumin shows, with a little cupric sulphate, a beauti- 
ful violet colour. If impurities are present, such as gum or starch, 
the colour is blue. On boiling the alkaline solution, the legumin 
does not coagulate, but, as in the boiling of milk, a scum of altered 
legumin appears on the surface. 

§ 100. Preserved Peas, — Copper in Peas . — Peas are preserved in 
several ways, sometimes by simply drying, when they form the well- 
known dried peas of the shops. But the more modern method is 
to heat the peas in a Suitable tin capable of being hermetically 
sealed. The sealing is effected while the tin with its contents is 
at a high temperature. The rationale of the process is, that putre- 
fying germs existing on the surface of the peas are destroyed, and 
fresh putrefactive agencies are prevented from gaining access by 
the exclusion of air. Peas so preserved may, as proved by ana- 
lysis, be quite as nutritions as fresh peas. Preserved peas have 
often undergone a preparatory treatment by boiling in copper 
vessels, the object of which is to impart a fine green colour. 
M. Guillemare and M. Lecourt have, however, now patented a 
process by which chlorophyll has been substituted for the objec- 
tionable coppering. Tlie copper that has hitherto been found in 
tinned peas has amounted to about 2 grains to 2*6 grains in tJie 
pound tin, and the question arises whether the copper is injurious 
to health in this proportion or not. In the cases appended to 
this article it will be noticed that men of considerable scientific 
reputation have expressed strong opinions on the subject; never- 
theless, the whole of the injurious action of coppered peas rests 
entirely on theory, and in no single instance (although the con- 
sumption of coppered peas has been very large) has any really 
definite case been brought forward of actual poisoning by peas 
coloured in this way. It is perfectly true that it is not necessary 
for symptoms to arise, in order to pronounce whether a particular 
substance would be likely to be injurious or not; for example, the 
question would be answered readily enough that cyanide of pot- 
ash was poisonous if in a certain quantity, although people might 
have taken small doses of cyanide of jpotash for some time without 
any apparent injury. But here the case is different; for it is by 
no means certain in ioAa^ particular combination the copper exists, 
for if the copper should exist in a state of combination with some 
organic matter-^for example, the legumin, so as to be insoluble 
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in the digestive juices, although the fact of such insoluble com- 
pound would render the peas less nutritious, yet they would have 
no toxic action. Legrif has found in the intestine of a healthy 
man -030 to *040 grm. of copper and Messrs. Paul and Kingzett 
have shown that, even when a soluble compound, like sulphate of 
copper, is ingested, most of it is excreted by the faeces. 

The author, therefore, concludes that it would be best, in our 
])resent state of knowledge, to decline to state whether copper, 
when it exists in the moderate projMjrtions given above, t would be 
likely to injure health, since there are no definite facts upon which 
to base a sufficient opinion. On the other hand, since coppered peas 
must either, (1.) have a toxic action, if the copper is in a soluble 
form, or, (2.) if the copper is insohible, the pea must be deprived 
of some of its nutritious properties, the analyst need have 
no hesitation in certifying that peas made green with copper are 
adulterated under the Sale of Food and Drugs Act. 

The method of detecting copper in peas is as follows: — A 
weighed quantity of the peas is made into a paste with water and 
a little liydric chloride, and the paste is placed in a pro|Wir plati- 
num dish ; a rod of zinc, on being inserted in the paste, so as to 
touch the platinum dish, sets iip a galvanic current, and at the 
end of several hours all the copper is deposited as a colierent film, 
and may be dried and weighed. A neater process is the connec- 
tion of the platinum dish with the negative pole of a battery, 
while the positive pole is suspended in the acid paste. In both 
instances the copper is deposited as copper. 

Tinned peas may contaui traces of tin. The process for the 
detection of tin is as follows : — A sufficient quantity of the peas 
is incinerated in a platinum dish, the ash is heated with strong 
hydric chloride, and evaporated nearly to dryness; a little water 
is then added, boiled, and the solution filtered. This method of 
extraction is repeated once or twice. The solution is now satu- 
rated with hydric sulphide, and any yellow precipitate filtered off. 
This should present the characters of sulphide of tin. Tin has 
been found, according to Mr. Hehner,i generally in tinned goods 
to the amount of 10 mgrms. in the English pound, and it has 
been supposed, witliout adequate proof, to exist as a stannous 
hydrate, a tin compound which is poisonous. 

No prosecution has hitherto taken place with regard to tin in 
preserved goods ; and in such small quantities as have hitherto 
been found, it is very questionable — presuming the tin to exist 
as stannous hydrate— whether any injury would result. 

A few of the more important prosecutions for coppered peas 
may, in conclusion, be quoted : — 

* Sonnenschein. t Analyst^ 1877, p. 98. $ Analyst^ 1880, 218. 



190 foods : THBIR COMPOSITION AND ANALYSIS. [§ 100 . 

lu one of several similar cases heard at the Marlborough Street Police 
Court, it was proved by Mr. Fiesse, the analyst, that the pound tin contained 
*088 of copper, equal to 24 grains of sulphate of copper. 

Dr. Conway Evans, Medical Officer of Health, stated his opinion, that the 
larger quantity of copper spoken of in a pound of peas, if eaten daily or re- 
fieatedly, would be injurious to health, and would produce chronic poisoning; 
but many persons might eat a quantity of these {»eas several times without 
apparently suffering any injurious effects, the period varying in accordahco 
with difference of vigour, age, healthy &c. Two or three doses might affect 
some ijersons and not others. From 14 to 16 grains of copper were some- 
times given as an emetic ; and sometimes, in ague or chronic diarrhcea, ^ to 
H grains were given as a tonic. It was a well-Known medical fact, that in 
regard to some poisons (such, for instance, as mercury) certain persons were 
l>eouliarly susceptible to their influence ; and it was possible that these peas 
containing copi>er, if swallowed by persons ignorant of tbeir own suscepti- 
bilities, might (even in a single dose, or a few doses) lead to injurious conse- 
quences. He believed copper to be more fatal, in a smaller dose, than salts 
of lead. The heightening of the colours of pireserves with copjier was once 
a common practice. Cases of poisoning by copjier were formerly very 
common, but copper utensHs in cooking having given place to tin and iron 
saucepans, such cases were of rare occurrence. Pure metallic copper he 
lielieved to be harmless, but it was dangerous when in contact with other 
substances, and when dissolved. 

Dr. Guy, F.E.S., said that cases of poisoning by copper had occurred in 
which the quantity swallowed must have been small. He had studied the 
question of poisons particularly ; the fact of a trace of copper in the human 
liody would not prove its existence in a poisonous form. He had made 
inquiries for Government into the effects of poisoning in certain trades ; 
Tialsy followed the poisoning by copper. Two cases had come under his 
Knowledge of poisoning by the green wall-paper in a room ; the poisoning in 
his opinion came from the copper, not the arsenic. Salts of copj^er bo con- 
siders more poisonous than lead ; the small quantity of copper contained 
in the peas in question from France might prove injurious, and slowly 
undermine health. On a nervous person copper was more likely to produce 
dangerous symptoms than on any one else. With regard to the presence of 
3 '6 of copper, if taken one-third at a time, it would not affect a he;Uthy 
|ier8on ; but if repeated in small doses it would, in his opinion, be ultimately 
injurious to health. He considered that any article containing the amount 
of copper stated by Mr. Piesse should not be allow'ed to be sold for one 
moment Sulphate of copper in its virulence ranked fourth in the class of 
poisons. 

Dr. C. Tidy gave similar evidence. If copper, that is, sulphate of copper. 
Were constantly taken to the extent of the amount of copper found in the 
French peas, it would be injurious to health. 

Dr. A. Dnpr6 stated that the quantity found was far beyond the quantity 
normally present in any vegetable. 

Dr. Guy said he consider^ the sale of an article containing such a quantity 
of copper as that found in the French peas ought not to be tolerated. Small 
doses of copper were more dangerous than large ones, as the latter would 
cause vomiting. 

A previous conviction against the dgj^dant for the same offence was 
proved but the prosecution stated that they desired publicity, not punish- 
ment, and a small fine was inflicted.* 


* Analysis 1877 . 
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At the Liveqx>ol Police Court a firm was prosecuted for selling peas 
containing copper equal to 2^ grains of sulphate to the pound tin. A 
warranty proauced.* 

A Liverpool grocer was fined 20s. and costs, for selling peas containing 
copper equal to 2 6 grains of the sulphate to the pound, t 

At Bradford vendors have been fined for selling coppered peas, the metal 
equalling 14 to 2 grains to the pound, t 


CHINESE PEAS. 

§ 101. A pea or bean, much used in China in the form of cheese, 
is the Soia hispida.^ Its composition, according to G. H. Pellet, is 


as follows : — 

]. 

2. 

3. 

Water, 

9*000 

10160 

9*740 

Nitrogenous matters (coagulable 
nitrogen, 6'25), 

35*500 

27*750 

31*750 

Starch, dextrine, and sugar, 

3*210 

3*210 

3-210 

(Mlulose, 

11*650 

11*650 

11-650 

Ammonia 

•290 

•274 

•304 

Sulphuric acid, .... 

•065 

•234 

•141 

Phosphoric acid, .... 

1*415 

1-554 

1-631 

Chlorine, 

*036 

^35 

•037 

Potash, 

2*137 

2*2(H 

2*317 

Lime, 

•432 

•316 

•230 

Magnesia, 

•397 

•315 

•435 

Substances insoluble in acids, 

■052 

•055 

•061 

Not estimated mineral substances. 

•077 

■104 

•247 

Different organic matters, 

15-289 

25-539 

24*127 

* Sanitary Eecord^ vi. 335. + 

vi. 351. 

t Ibid,, 

vii. 63. 


§ The i)ea*cheese is considered, in China and Japan, a very important food. 
The peas (Soia hifipida) are soaked in water for about 24 hours, then strained ; 
they are next ground to a thin paste with some of the water which has been 
put on one side. The grinding is effected by a mill. The matters are filtered 
and the filtrate is concentrated by heat ; and after skimming once or twice is 
cooled, the caseiuo coagulated by plaster, and a salt, which appears to be 
chloride of magnesium, added. The cheese is grayish-white, and has the 

following general composition ; — 

^ Percent 

Water, 90 37 

Fatty matters, 2*36 

Nitrogen, *78 

Ash, *76 

--M. Stanislaus Julien et M. Paul Champion, 
** bulmirku de V Empire Chinoia*^* 
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LENTILS. 

§ 102. The lentil is the seed of the Erbum lens^ one of the 
Leguminosse. Lentils are grown and eaten in all parts of the 
civilised world, and are highly nutritious. They contain, according 
to H. Ritthaiisen, 5*9 per cent, of legumin, and their g6ne;*al 
composition is as follows : — 


Per cont. 

Water, . ^ 12*51 

Nitrogenous substances, 24 '8 1 

Fat, 1-85 

Carbo-hydrates, 54*78 

Woody fibre, 3*58 

Ash, 2*47 


The general composition of the ash is as follows : — 

Per cent. 


Potash, 34*76 

Soda, 13*50 

Lime, 6*34 

Magnesia, 2*47 

Ferric oxide, 2*00 

Phosphoric acid 36*30 

Chlorine, 4*63 


BEANS. 

§ 103. The beans eaten in this country are mostly the kidney 
bean, PlMseolm milgare, and the broad bean, Vida faba. The 
following is the average composition of these vegetables : — 


Water, .... 

Broad boan. 
14*34 

Kidney bean. 

13*60 

Nitrogenous substances, , 

23*66 

23*12 

Fat, .... 

1*63 

2*28 

Carbo-hydrates, 

40*25 

53*63 

Woody fibre, , 

7*47 

3*84 

Ash, .... 

3*15 

3*53 


The percentage composition of the ash of these different beans 
has the following composition : — 

Broad bean. Kidney bean. 


Potash, . 

42*49 

44*01 

Soda, . 

1*34 

1*40 

lime, 

4*73 

6*38 

Magnesia, 

7*08 

7*41 

, Ferric oxide, . 

•57 

*32 

Pho^horic acid, 
Sulphnrio acid, 

. . . 38*74 

35*00 

2*53 

4*05 

Silica, . . 

. . . -73 

•57 

Chlorine, 

. . . 1*57 

•86 
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§ 103.] 

From both the broad and the kidney bean a small quantity of 
cholesterine can be separated. According to Kitthausen, the 
legumin of the kidney bean has a composition different from 
that of other legumins; for while the percentage of nitrogen in 
pea and millet legumin amounts to 16 *77 per cent., that of kidney 
be£^n legumin has only 14*71 per cent. 


14 



PART IV.-MILK, CREAM, BUTTER, CHEESE. 


MILK. 

HISTORICAL INTRODUCTION. 

§ 104. Before the birth of experimental philosophy, the origin 
rather than the composition of substances was the subject of 
inquiry, and of fanciful and more or less ingenious conjecture. 
Milk to the ancient, as well as to the modern world, was a fluid 
of great virtue. Aristotle affirmed, est sanguis concoctus^ 

non corruptus” which may be translated, Milk is elabm*atedy not 
decomposed^ blood — an opinion identical with that held by nine- 
teenth-century philosoph ers. 

Averroes, Avicenna, and others, reasoning in part from the 
difficulty with which many females conceive while suckling, held 
that milk was altered men.strual blood. Avicenna, indeed, for- 
mularised this doctrine by declaring that the menstrual blood of 
the pregnant was divided into tliree parts — part going to nourish 
the fSoctus, part ascending to the breasts, and the remainder be- 
ing an excrementitioiis product. These opinions may be traced 
to writers of a much later, almost modern epoch. The ancients 
were acquainted with only three constituents of milk — viz., 
butter, with which they used to anoint their infants ; caseine, 
which they precii)itatf'd with vinegar ; and the whey from which 
the curd and butter had separated, and this, up to the early part 
of the sixteenth century, constituted the whole of what was 
known as the composition of milk. Placit us enumerates no more 
constituents than Avicenna, but devotes several pages to the then 
all-important question as to whether milk was hot, cold, or moist, 
and concludes that animal milk, as compared with that of human, 
is cold, human with that of animal, hot. Placittis* was an up- 
hpMer of the menstrual theory. Panthaleon*}; similarly cites with 
'ajj^roval the dictum that milk is a fluid superfluity ^ twice concocted 
in the breasts, and gravely discourses, as stated, whether it is hot 

* Sexti Placiti Papyriensia; De Natura et Um LactiSy mdxxxviii. It 
would appear, according to this author, that the Germans in his time used 
the milk of all animals, for he enumerates the milk not only of cows, mares, 
and goats, but also of pjgs. 
t Smmm Lactidnorum^ 1528. 
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or cold.* * * § He recognises three parts only in milk — viz., serum, 
butter, and curd. His treatise is mainly composed of references 
to the ancients, and the usual disputations as to whether milk is 
hot or cold. The first mention of a fourth constituent of milk 
occurs in a curious work by Bartoletus, published in 1619. 
Bartoletusf called it the ‘‘manna” of milk, or ^^nitrum seri lactis** 
In his days sulphur, mercury, and a saline principle, were con- 
sidered as the three active essences of all things, and as exist- 
ing in all things ; hence, Bartoletus, from the yellow colour of 
butter referred it to a sulphur principle, the whey, doubtless from 
its mobility, to quicksilver, and the curd to a saline element. He 
then compares milk with blood, also composed of a sulphurated, 
saline, and mercurial principle.^ The discovery of Bartoletus for 
a long time was not known beyond Italy. A French apothecary, 
named Bartholomew Martin, writing in 1706,§ enumerates the con-' 
stituents of milk as three — butter, analogous to sulphur, serum to 
mercury, and cheese to salt ; but was not acquainted with milk- 
sugar, although eight years before Ludovico Testi|| had written 
an entire treatise on it, calling it by the name it now bears- 
In the eaidy part of the eighteenth century, Leeuwenhoek 
discovered the microscopical characters of milk. He saw that 
it was a fluid containing many globules. Some, wliich he 
judged to be of a buttery nature, rose to the top of the liquid; 
and others, again, rather sank to the bottom, and were evidently 
different in com position, IT Some twenty years later, A. Donne, 
in his Govts Microscop^ve^** published sojne beautiful plates of 
several kinds of milk, fre.sh and sour, human and animal, exhibit- 
ing the globules, &c., drawn to scale with wonderful accuracy. 

§ 105. Ill the early part of the eighteenth century flourished 
the school of the illustrious master Boerhave, who laid the 

* There are several other treatises on milk alwut this epoch, but they 
nearly all, as, for example, that of Gesner (LibelluH de Lacte et Operibus 
Lactariuff, aiith. Conrado Gesnero, Medico), consist of commentaries on the 
opinions of older writers, and arc of no value. 

t Bartoletus was an Italian physician, a professor at Bologna and Mantua, 
B. 1586, D. 1630. His work is entitled, Encijclopcpdia Hermetico-Doovnatica 
Hive Orbis Doctrinarum, Pfu/siolofjiccp, SeviwtlccCy et Therapeuticte. Bononia, 
1619, 4to. The quarto is little over 300 pages, and is divided into live parta, 
viz., (1.) Physiology, (2.) HygiJjne, (3.) Pathology, (4.) Semiotics, and (60 
Therapeutics. 

tCnim in lacte videre eat, in fpio serosa portio mercurialilkpioriy hutyrosa 
HulphurecSy caseosa vero saline subsfantke responded Ita in sangidne alia sul- 
phurecBy alia saline^ alia rner&uriake svJbstantim jv'^ortionaliter respondU^*^ 

§ Traits du Laity par Barth. Martin, Apothicaire, Paris, 1706. 

II Relasdone concemente il Zucchero di Latte, 1698. 

V Letters^ tomaii, 4to edition, 1722. 

** Oaura de 8vo. j?aris, 1844 ; AHas^ in folio. Paris, 1845. 
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foundations of animal chemistry. Boerhave saw in milk the 
most perfect food, and to him it was a fluid containing, wrapt up 
in mystery, ^il the elements of the body. Hence he laid the 
greatest stress on the importance of its study, and without doubt 
his example and teaching were the immediate cause of the 
numerous experiments carried out by his disciples, Vullyanoz, 
Doorschodt, and others. Boerhave says* — 

“An animal is composed of matter which was not that animal before, but 
is changed into it by the vital power of the animal .... Milk, therefore, 
a|)i>ears to be the lirst thing to be examined, for this is a true chyle, and 
much less diluted with the l3nniph than the chyle when poured into the 
subclavian vein, and therefore approaches nearer to the sdiment. It has 
flowed through the veins, the heart, the lungs, and the arteries, and there- 
fore has been mixed with all the juices, and ^ing afterwards separated by 
the particular structure of the breasts, it may be collected and examined 
a])art. Milk is a liquor prepared from the aliment chewed in the mouth, 
digested in the stomach, jjerfected by the force and juices of the intestines, 
and elaborated by means of the mesentery and its glands and juices, and 
the juices of the thoracic duct ; it has undergone some actions of the veins, 
arteries, heart, lungs, and juices, and begun to be assimilated, yet may be 
had separate and discharged out of the body. And thus, by their own milk 
prepared from the proper matter of the chyle, all the known animals that 
have milk are nourished, both male and female ; for milk is always prepared 
from the chyle as well in men as in women, as well in virgons and barren 
women as in mothers and nurses. Whence every such animal consists, is 
nourished, and lives on its own proper milk, and from this alone prepares all 
the other jmrts, both the solid and fluid, by means of the vital actions. It is 
now certain that men may live for years ui)on milk alone, and perform all 
the actions of life, and have all the solid and fluid parts of their bodies 
perfectly elaborated thereby. The serum, therefore, the blood, the lymph, 
the spirits, bones, cartilages, membranes, and vessels, proceed from milk, and 
if a man may live for years upon milk alone, milk must contain in itself the 
matter of all the parts of the human body.” 

Boerhave appears to have tested milk with a great variety of 
reagents, and found that it was curdled by all acids, whether 
nitric, acetic, hydrochloric, or sulphuric, or by acid vegetable 
juices. He also distilled milk, and found that it gave no spirit 
on distillation. “It also appears not to contain any trace of 
saline matter, being inodorous and perfectly insipid, and causing 
no pain if dropped into the eye.” On boiling milk with alkalies, 
Boerhave was the first to notice the yellow colour caused 
by the decomposition of the sugar. He thought that a similar 
change took place in fevers, for he notices the yellow milk 
of feverish women, and warns the physician that he must not 
suppose the yellowness to be caused by an acid, but rather by 
an alkaline tendency, ^nd by too much heat. Boerhave paid 

*“The Practice of Chemistry,” translated from Boerhave’s ElemeiUa 
Ch^mkm, By Peter Shaw, M.D., 2Dd ed. Lond. 1741, 2 vols., 4to. 
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particular attention to the state of the milk in fevers and in- 
fectious diseases; “and in the last contagion among the cows, 
whilst their meat remained in the stomach, and was neither 
discharged upwards by ruminating nor expelled downwards, and 
therefore truly putrefied with the violent degree of heat, so that 
the ^stomach was almost scorched witli heat, as we explained 
the thing . . . Then the milk grew sharp, yellow, somewhat 

ftetid, and thin in the dug, and in this form was either milked 
out or dropped spontaneously.” He also condemned the use of 
milk from heated or improperly fed animals, or those suffering 
from fever, and remarked that it would be found of a foetid 
urinous odour, yellow in colour, thin, of a saline ungrateful 
taste, and acquiring, after a time, an odour of rancid cheese.* * * § 

§ 106. Boerhave, so far as is known, made no quantitative 
<]etermi nation of any of the constituents of milk; but a very early 
attempt is found in a research undertaken by Geoffroy, published 
in 1737.+ This experimenter took 12 lbs. of milk, and after 
coagulating the fluid, heated it gently over the fire, in order to 
separate tlio coagulum more completely. The liquid was now 
filtered, and the serum and coagulum both weighed. The serum 
weighed 8 lbs., the coagulum 2 lbs. 7 ozs. The serum was then 
evaporated to dryness, and left a residue weighing 7 ozs. 24 grains ; 
ill other words, it amounted to 5*2 per cent.; and since it must 
have been mainly composed of milk-sugar and salts, the determi- 
nation is almost as exact as that of any analysis of the present 
day. He now appears to have distilled the residue, and obtained 
empyreumatic products, and a “ caput mortuimiy^X from which he 
extracted soluble salts by lixiviation, and among these salts he 
recognised chloride of sodium by its cubical crystals. 

Doorschodt§ experimented on milk, possibly under the im-, 
mediate superintendence of Boerhave; for he distilled it, and 
noticed that the distillate was neither acid nor alkaline, conclud- 
ing, hence, tlxat water alone was condensed, and that there was 
no other volatile principle. He also boiled the milk with alkalies, 
and details with great precision the successive changes of colour. 
He appears to have been the first to notice that alcohol coagulates 


* A work by Dumonchaux, about the period of the Boerliave school, De 
Lacte Mammantm et Pinguidinef Petrus J. Dumonchaux, Duaci, 1754, 
contains nothing new about the comiwsition of milk, but merely cites the 
opinions of others. 

"f Commercium Literarium ad Re MallccR el ScieiitUB Natwrali^ Incremtidum 
Institutium, &c,, 1737. 

t The caput Tnortuum was the name of any residue left after distillation in 
the retort. 

§ Henricus Doorschodt ; De Lacte^ 1737. 
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milk, and also that it may be preserved by borax and other 
antiseptics. 

§ 107. M. Vnllyanoz, another disciple of Boerhave, published 
a tract, ^ in 1756, on the essential salt of milk, which tended 
greatly to spread a knowledge of the substance discovered by 
Bartoletus, and described so fully by Test! the Italian. • It 
would appear from his treatise that sugar of milk was then an 
article of commerce, but that there was great difficulty in pre- 
paring it white and pure. There is in Switzerland a chemist 
named Creiizius who has composed the salt admirably, but un- 
fortuuately he will not impart his secret to any one. This is the 
more vexatious, because the salt he is proprietor of is infinitely 
finer than the others; it is whiter, sweeter, and dissolves better 
on the tongue.** The method used in the time of Vullyanoz was 
simple evaporation, but he complains that the product was often 
‘^sour,” and was not the same as the Swiss sugar. Vullyanoz 
established the fact that all herbivorous animals, as 'well as 
women, gave sugar of milk ; he also investigated the solubility, 
and found it insoluble in hot alcohol, in spirits of ammonia, and 
in veiy pure aqua fortis, <fec. Noticing that it eflervesced with 
nitric acid, he made experiments which proved it to be a neutral 
salt, and thence drew an analogy between milk-sugar and soap, 
concluding that the latter contained an oil and also an acid, that 
it could be fermented, and that on distillation it yielded an acid, 
and was decomposed by sulphuric acid.t 

§ 108. The next important paper on milk in order of time, is 
that of Voltelenus,J important because his experiments were 
quantitative. He took 42 ozs. of cows’ milk and distilled it. The 
process was conducted very carefully, and occupied many days, 
and, as may be expected, was very troublesome, from the irregular 
bursts of ebullition. By the fifth day he obtained 29 ozs. of 
distillate Aqtm Lactia DestUlata;^^ in other words, his determi- 
nation of water was 69 per cent., much below the truth. The 
residue in the retort weighed 2 ozs. 3 drms., and effervesced 
with alkalies. He now increased the fire; and obtained an 
unctuous oil, weighing 14 drms.,, mixed with what he calls an oily 

* ' *Sur le sel essentiel de Lait.” Par M. Vullyanoz, Doctenr en M€decine a 
I«aii 2 auina. **Kecueil P^riodique, Observations de M^ecine, Chirurgie, 
Fharmacie,” &c. Par M. Vandermonde, 1756. 
t Subsequent to the work of Vullyanoz appeared a treatise on milk-sugar, 
Abhandlung vom Milch-Zucker,*' Braunschweig, 1772, by G. R. Lichen- 
stein, who considered it an earthy salt, and called it terra-oleo$U 7 n eat 
mediant, 

:{:Flons Jacobi Voltilenii : De LojUU Humano ejuatpie cum Asino et 
OvUlo ComparcUione, &,q, Lipsise, 1779. 
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spirituous matter, acid, acrid, and like the spirit from guaiaoum 
wood. The carbpn in the retort weighed 10 drms., but on burn- 
ing to an ash it weighed 3. The ash, boiled with water, left 2 v 
drms. insoluble. In other words, he determined the ash to be *89 
per cent, and the soluble portion *31 per cent. Hence, Voltelenus 
most certainly made a correct determination of the amount of 
saline matters in milk, and was probably the hrst who did so. 
Voltelenus next made a similar experiment with women’s milk, 
taking 32 ozs., from which, in thirteen days, he had distilled 
over 31 ozs. 6 drms. of odourless liquid. Here, unfortunately, 
his retort broke j but he concluded that human milk is re- 
solved by fire into much water and spirit ; a double oil, a 
double salt, fixed and warm alkali and earth, to which may be 
added a spiritua mi generis.^^ He refers to sugar of milk, and 
affirms that he has separated a similar substance fr*om human 
milk. The same process was applied to asses’ milk, 32 ozs. being 
distilled over a sand-bath in three days. On the first day a 
lactescent distillate came over, in (Quantity amounting to 1 oz. 
17 drms. 1 scr. ; on the second day, a more limpid liquid, amount- 
ing to 19 ozs. 4 drms. ; and on the third day there came over 6 ozs. 

1 drm. 1 scr., of a feebly acid liquid; by the fourth day he had 
to increase the heat, and obtained a black opaque oil, which 
separated on standing into three parts — a thick substance, a 
thinner, and what he calls a spirit. The carbon in the retort 
was weighed and then burnt. The ash weighed 3 drms., and on 
lixiviation the insoluble portion weighed 2 drms. 1 scr. He 
made precisely similar experiments on the milk of the sheep — 
identified salt, determined the amount of ash, &c. He thus came 
to the conclusion that all milk had the same constituents. 

§ 109. Schoepff', in a very learned })a})er,* containing full refer- 
ences to the works of his predecessor, was the first who noticed 
the yellow colour of the whey — “ liquidem colore diluti citri- 
num.” He crystallised milk-sugar, and determined its amount 
with fair accui*acy ; but did not know exactly what it was, for the 
crystals were of a yellow colour, and reddened syrup of violets ; 
hence, they were probably contaminated with lactic acid and 
colouring-matter. -j* One of the last workers on the chemistry of 

* Specimen Inaugurale ChemiohMedicum de Vdriis Lactis JSubuU Saldnta 
aliisque SubstatUiua in ^uadem parte Aquosa ContentiSf &c. Ludovictts 
Augustus Schoepff, 1784. * 

i* Previous to Schoepif, Beaum^ appears to have mode an accurate deter* 
znination of the amount of salt in milk, saying that the third evaporation 
yielded crystals of sea salt, in the proportion of 7 to 8 grains per pint. 
Beaum§ : IXct. de Vhimie^ ii., 1778, 498. Bouellium denied that the 
ciystals were those of sea-salt, but considered them ‘‘salia febrifugisylvii.” 
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milk^ prior to the nineteenth century, was Scheele, who discovered 
lactic acid, and established that phosphate of lime was always 
present in the caseine. He considered, in feict, that the caseine 
foimed with the lime a true combination, the proportion between 
the two being from 1 to 1 *5 per cent, of calcium phosphate 
to every 100 parts of dried caseine.* Experiments similar ^to 
those recoi*ded were undertaken by Hoffman, who determined 
the total solids of cows’ milk to be 13*5 per cent. ; of asses, .9-5 ; 
goats about 10 per cent . ; and of humaUi^^O. . He exhausted the 
total solids by water, and evaporated and weighed the soluble 
matter thus extracted, but no accurate result followed ; and, 
indeed, it is very difficult to dissolve out milk-sugar and salts 
fully from the milk solids, unless they have been previously 
deprived of their fat. Caspar Neumann repeated and enlarged 
the experiments of Hoffman ; he made put that cows’ milk con- 
tained 14 per cent, of total solids, and he also distilled milk as 
well as butter. From 16 ozs. of fresh butter, distilled in a retort, 
at first over a sand4)ath, and afterwards over an open fire, there 
arose 1 oz. of liquor of no remarkable smell or taste ; 1 oz. and 
half a drm. of a reddish acidulous liquor, which smelt like burnt 
butter; 1 drm. of a brownish-yellow oil ; 3 ozs. 3 drms. of a yellow 
oil ; 1 oz. 6 drms. of a white, and 5^ drms. of a yellowish-brown 
oil — all of a thick butyraceous consistence, and a volatile smell 
like that of horse-radish ; and 1 oz. 6 drms. of a thin empyreu- 
matic pi], which smelt like the Oleum philosopluyrumy that is, old 
olive oil distilled over from bricks. There was not the least 
mark of any volatile alkali in the whole process. The caput 
weighed 3J drms.t 


TflE COMPOSITION OF COWS’ MILK, 

§ 110. Up to the present time the milk of the mammalia alone 
has been fully analysed. This has been found to consist of watei*, 
a peculiar sugar, albuminous bodies, a small amount of saline 
matter, and an emulsified fat. The milk of every class of animals 
has not, however, yet been examined completely ; and although 
it may be presumed, on physiological grounds, that all milks 
contain qualitatively identical or analogous ingredients to those 

* De Lacte ^usque Adda: Nova Acta Acad. Beg. 8ued. Anni 1780 ; 

C7i€^ica., voL ii., p. 101-118. 

t The Chemical Works of Caspar Nevmami,” abridged and methodised, 
by Wm. Lewis. Lond. 1773. ; 
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of the cow, yet this has been by no means proved. The only 
milk, indeed, the composition of which w© may be said to know 
with some real completeness is that of the cow, and this may be 
considered first.* 

Cows’ milk consists of matters partly in solution, and partly 
in • suspension ; sugar of milk, caseine, galactine, lactochrome, 
saline matters, and a few minute quantities of several other 
substances are dissolved in water, whilst milk-fat is apparently 
emulsified, and a portion of the caseine is in the form of extremely 
fine granules, which oan only be arrested by filtration through 
porous earthenware, or a similar filtering medium. When a 
very thin layer of healthy milk is examined by a microscope, the 
milk-fat alone is visible, and appears in the form of innumerable 
globules, the number of globules depending on its richness in fat. 
Thus M. E. Bouehut found in different samples of milk the 
following varying numbers : — 


Olobnlea in a cubic zblilixn^tro. 

l^eciflc gnyity. 

Fat per litre. 

1102500 

1022 

24 

1820000 

1021 

21 

1925500 

1030 

26 

2105000 

1028 

29 

2205000 

1032 

37 

2305000 

1028 

29 

2205000 

1032 

37 

2400000 

1030 

37 

2407000 

1033 

34 

2692000 

1030 

29 

3700000 

1030 

34 


It would hence appear that good milk contains from about two 
to three and a half millions of globules in evexy cubic millimetre. 
It has hitherto been taught that the globules ai'e surrounded by 
a thin pellicle or membrane, and, as a proof of tho existence of 
this membrane, the fact is usually cited that, if you shake up 
milk with ether, scarcely any of the fat dissolves unless a 
little acetic acid is first added, which is supposed to act by 
dissolving the hyjKxthetical membrane ; but it may be shown 
that Ijhe fat can be extracted from milk by shaking with ether, 
provided that the volume of ether to that of the milk be excessive. 
Further, the globules are coloured by aniline red, t and their 
behaviour with moderate quantities of ether may be ascribed to 

* The chemistry ofthe mil k-secreting glands has scarcely been investigated. 
Bert (Gaz, fiebdom,, 1879, N. 12) states that the gland contains a pecnliar 
body which ea^y splits up with the pi^uction of a sugar by boiling with 
dilute sulphurio acid, or even simply with water. 

t De Sindy s Arc/dvas de Fhyidolo^ 1874, 497 ; F. Soxhlet : Land, 
Ver^ch, 
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the acids destroying the emulsifying property of the milk. 
Nor can one understand, on the “membrane” theory, how— 
when milk in thin layers is dried at the ordinary temperature of 
the air, and under conditions which involve no destruction of the 
membrane, should this exist — to account for the fact that ether 
so readily dissolves the butter fet. Hoppe-Seyler* has indeed, 
by estimation of the proportion existing between the water and 
caseine in cream, considered that a caseine layer exists round the 
fat globules; yet this must be so thin as not to be capable' of 
estimation by weight. From these various facts the existence 
of the membrane is more than doubtful. 

§ 111. Amphioteric Reaction of Milk . — Milk when tested 
immediately after its removal from the cow, has a peculiar 
action on litmus and turmeric paj^er, turning litmus blue and 
turmeric brown, — the so-called AmplnoteriG Reaction.** On this 
point alone, although of no great importance, there is a most 
voluminous literature. t The amphioteric reaction of milk is 
similar to that shown by a solution of magnesiiim-hydric phos- 
phate to which a little acid has been added, and is probably due 
to the acid phosphate of the alkalies existing in milk. It must 
also not be lost sight of, that there is a continuous development 
of CO 2 in milk, which gas in solution is always present ; and this 
being the case, its feeble acid reaction must have an influenci^ 
on the total reaction derived from other substances. Milk ulti- 
mately becomes decidedly acid, and has a constant tendency to 
acidity. 

§ 112. Total Solids of Milk . — The amount of solid matter in 
milk varies within considerable limits, and is much influenced 
by all circumstances that affect the health and nutrition of the 
cow, certain cows secreting double and treble the normal amount 
of fat. The remark just made refers to the entire residue minus 
the water ; but if we subtract the water as well as the fat, then 
the percentage of solid matter varies but little, and in healthy, 
&irly-fed cows has never (save in some very rare and exceptional 
oases) been known to fall below 9 per cent. This very important 
Ikot, formerly much disputed, has been (or ought to have been) 
set at rest by the results obt^ed in the experiments of so many 
chemists, that it is scarcely worth while reviewing the evidence 
on which it is based. The numerous analyses of Wanklyn, 

■ : f Atchlv fUr path. Anatom., bd. 417, 1859. 

\ f Those who wish to be very fiilly informed on this subject may consult 
Kritisches u. ThatsHchliches iiber die Reaction der frischen Milch,’* von J. 
Schlossbeiger, AnnaL der Chim. u. Pkamu, b. 87, p. 317, 1852; Idem., b. ' 
96, p. 76. Also a paper by Vogeb Joum. fUt Ptakt, Chem., 1874, b, 8, p. 
137, Ueber das Verhalten der Milch sum Lackmus Farbsto^’* 
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Carter Bell, and others tend rather to show that the true lowest 
percentage of milk solids, minus fat and water, is a little above 
rather than below 9 per cent., and this fact is fully borne out by 
the original investigations conducted in my own laboratory. The 
highest amount of the same solids which the author has yet found 
in the secx'etion from healthy animals, reaches to about 11 per cent., 
so that at most there is an extreme fluctuation between 9 and 
11 per cent. — a remarkable fact, which h 'priori would have been 
pronounced improbable, considering the complex nature of milk. 

§ 113. — Pure dry milk fat is at ordinary tempera- 

tures a solid fatty substance, with an agreeable taste, of specific 
gravity *91200 to *91400 at 37"* *7 C. [lOO"" Fahr.]; its melting point 
is 35 ° *8 C. Milk-fat, under the form of butter, is constantly 
tinted more or less yellow from dissolved lactochrome ; but it 
may, by the use of suitable solvents, be obtained almost colour- 
less. 

According to Wigner, 1000 volumes of the pure fat expand 
from 37°*7 [100° Fahr.] to 1047*2 at 100^ [212° Fahr.], its average 
expansion being *0780 for every degree Centigrade. This is, 
however, not perfectly accurate for the degrees between 65® *5 
[150® Fahr.] and 87® *7 [190° Fahr.], the expansion being slightly 
in excess of the average rate; but the abnormal deviation 
between these degrees does not appear to be peculiar to milk- 
fat.* 1 grm. of fat requires for saturation 227*3 mgrms. of potas- 
sium hydrate (KHO). This observation (originating with Dr. 
Koettstorfert) has been utilised by the food-analyst in the 
distinguishing between butter and other fats. 

§ 114. Milk-fat is essentially an intimate mixture of the 
glycerides of the fatty acids — palmitic, stearic, and oleic — not 
soluble in water, and also of the glycerides of certain soluble 
volatile fetty acids, of which butyric is the chief, and caproic, 
caprylic, and capric acids minor constituents. 

Palmitin^ or Tripalmithiy 03115 ( 01311350)3 O 3 , is a white solid 
fat, but little soluble in cold, but readily soluble in hot alcohol 
or ether. A mixture of stearin and palmitin crystallises in little 
iieedlerlike tufts, and was at one time considered a definite single 
fat, and called margarine. On saponifying palmitin by means of 
an alkali, and subsequent decomposition, it yields glycerine, 
and 95^28 per cent, of its weight of palmitic acid. 

Paimilic Add (CigHgoGa) h^ a melting point of about 62?. 
It may be obtained in quantity from palm oil, and also ftbudt 

* On the Ratio of R]q>an8ion by Heat of Butter-fat, by G. W. Wigner, 
F.C.S., Analyst^ 43, p. 183. 

t New Methc^ for the f^amination of Butter for Foreign Fats, by Br. 
Koettstorfer, Ar^lyst, No. 39, 1879, p. 106. 
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the saponification of spermaceti. When purified by repeated 
crystallisation from alcohol, it is a tasteless white fat, crystallising 
in tufts of needles. 

Stearin^ or Tristearin^ G3H5(CjgH3503)03, is a white solid fat, 
melting at about fiO*", and is a special constituent of fats with 
high melting points. On saponification and subsequent decent- 
position of the soap by a suitable acid, 95’73 per cent, of stearic 
acid may be obtained. 

Stearic Acid, C^gH^^Og. — This acid is to be found in nearly 
all animal fats as well as in a few vegetable fats. Stearic 
acid is an article of commerce, and made upon a large scale, 
especially in the manufacture of stearine candles. For this 
purpose, animal fats are saponified by hydrate of lime ; the 
lime compound is subsequently decomposed by dilute sulphuric 
acid, and the mixture of oleic, palmitic, and stearic acids 
submitted to strong pressure ; by this means, the oleic acid is 
separated, and a mixture of palmitic and stearic acids obtained, 
which in commerce is known as stearin. From this commercial 
stearin, stearic acid may be obtained by solution in alcohol and 
fractional precipitation by acetate of lead or barium, the stearate 
of lead or barium, as the case may be, separating before the 
palmitate. On decomposing the salt with sulphuric acid, and 
dissolving the acid in boiling alcohol, stearic acid crystallises, as 
the solution cools, in white glistening needles or leaflets, which 
appear under the microscope as elongated lozenge plates. The 
melting point of stearic acid is 69 ®* 4 . If impure, it crystallises 
in needles. It is without odour or taste, does not feel greasy to 
the touch, and dissolves in all proportions in boiling alcohol or 
ether, from which it separates on cooling. 

Oleirif or Triolein^ ^3115(01^113303)03. — ^Over 40 per cent, of 
milk'fat consists of olein, which is a combination of oleic acid 
with glycerine, and is at all ordinary temperatures a fluid oil, 
solidifying about 5 °, at first colourless, but soon becoming yellow 
from absorption of oxygen. It has the power of readily and 
copiously dissolving palmitin and stearin, and is readily soluble 
in absolute alcoliol or ether. On decomposition, olein yields 
95*70 j>er cent, of oleic acid, 

Pure oleic acid is difficult to obtain, since it so readily oxidises. 
When perfectly pure, it is without colour, taste, or smell, and 
has all the appearance of a colourless oil; at a low temperature 
( 4 ^), it crystallises in needles ; on destructive distillation, among 
a variety of gaseous and liquid products, it yields an acid known 
as sebacic acid (OjoH^gO^), which is a constant product when 
any oil containing oleic acid is destructively distilled. Oleic 
acid forms two closes of salts, normal and acid. The norinal 
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oleates of the alkalies are soluble in water, but the other salts 
of oleic acid are insoluble in watei% no exception being found 
even in the case of the acid salts of the alkalies. The oleates 
of lead and copper are soluble in ether, as well as in cold 
anhydrous alcohol. The analyst takes advantage of this fact, 
to separate the oleates of lead and copper from the stearates 
and palmitates, which are insoluble in ether. 

Butyrin^ Caproirij and Caprylin have not yet been separated 
ill a pure state; they yield on saponification butyric, caproic, 
caprylic, and rutic acids respectively. 

Batryic Acid^ C^HgOo. — There are two butyric acids, one, normal 
butyric acid, CgH^COOH, boiling point 163'''4, specific gravity 
*9817 at 0"^ C. ; the other, isobutyric acid, C(CH 3 )oH. COOH, 
boiling point 154®, specific gravity *8598 at O'". The fatter has a 
less oflfeiisive odour than normal butyric acid. Butyric acid is 
found in several plants, such as the locust bean, the fruits of the 
Sapinclus saponaria^ in the Tamarindns indica, the Antliemis mobilis^ 
the Tanemtum vulgare, Arnica monimm^ the fruit of the Ginyko 
hiloba, and probably several other plants. Butyric acid is tJie 
characteristic fatty acid of butter, and butter fat contains 
nearly 7 per cent, of it. Butyric acid is volatile, and may be 
distilled unchanged; it is also soluble in all proportions in 
water, alcohol, and ether. Most of the salts are soluble : baric 
butyrate crystallises in* long prisms with four atoms of water; 
zincic butyrate in anhydrous* pearly tables, wliich are remarkably 
soluble; cupric butyrate is bluish-green, and but spanngly sol- 
uble. Calcic but^’^rate is a veiy characteristic salt, for it is more 
soluble in cold than in boiling water, consequently, when a solu- 
tion is boiled some of the salt is precipitated. The most charac- 
teristic reaction of butyric acid is its easy etherification by 
treatment of sulphuric acid and alcohol. In this way is formed 
butyric ether, which has a powerful smell resembling that of 
pine-apples. Its specific gravity is *902, and boiling point 119“. 

Caproic Add^ CgHj202. — There .are two- caproic acids, the one, 
normal caproic acid, C-H^jCOOH, boiling point 205“ ; the other, 
isocaproic acid, C 3 (CH 3 ) 2 H 5 COOH, boiling point 199“ to 200“. 
Caproic acid occurs in a very large number of plants, and has 
been found im human perspiration and in cheese. It is almost 
insoluble in water, is volatile, and may be distilled unchanged. 
The caproate of silver is in large thin plates, almost insoluble 
in water, and but slightly sensitive to light. The caproate of 
barium is soluble. 

Caprylic Acid, CgH^Oj— fusing point 58®, boiling point 236“. 
The amount of caprylic acid in butter is very small. It is slightly 
soluble in boiling water. 
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Rvtic Acid, CjoTIgoOg.— A white crystalline solid, fusing about 
29‘**5. This acid, in combination with glycerine, also occurs in 
very minute quantity in milk-fat. It is even less soluble than 
caprylic acid, 

§ 115. The Albuminoids of MiUc. — The albuminoids of milk 
comprise at least three principles, — viz., caseine, albumen, ami 
nuclein. To these a fourth substance used to be added — viz., 
lacto-protein ; but this, as the author has shown,* is not a 
simple substance, and it is probable that it is a mixture of 
bodies approaching alkaloids in their composition. Caseine 
appears but little, if at all, different from alkali-albuminate, the 
minor differences which exist being, with probability, ascribed 
to impurities. It is true that when milk is filtered through a 
porous cell, caseine, for the most part, is left behind; while, if 
a solution of alkali-albuminate is similarly treated, .it passes 
through. Experiment has, however, shown that a solution of 
alkali-albuminate shaken up with butter fat behaves exactly 
like caseine; and similarly, Soxhlet has proved that a concentrated 
solution of sodic carbonate precipitates both caseine and alkali- 
albuminate, provided they ai'e under the same conditions, and 
that it does not (as asserted by Zahn) leave alkali-albuminate in 
solution.t 

Hoppe-Seylert does not adopt altogether this view; for al- 
though he states that without doubt’ no other albuminoid, 
in its properties, stands so near caseine as alkali-albuminate, 
yet the notable difference in its power of rotating a ray of 
polarised light, and its behaviour to rennet, sepaiutes caseine as 
a distinct substance. The caseine of either cows' or goats’ milk, 
not only in acid fluids, but in perfectly neutral solutions, is coagu- 
lated by gastric juice or a watery extract of the stomach. This 
coagulation takes place slowly at common temperatures, rapidly 
on warming; and the cause of it, according to Hammersten, is a 
body distinct from pepsin, Hammersieu finds that the caseine 
of cows' milk, in the absence of limo salts, is coagulated by the 
. addition of an acid, but not by rennet. A solution of caseine 
which has been precipitated by an acid, run into lime water 
]dLOUtralised by very dilute phosphoric c^id, quickly coagulates 

the addition of rennet, but without ^rennet neither on the 
addition of an acid, nor on boiling. '' ^Hammersten considers that 
the chemical chazf^e produced in the coagulation of caseine by 

Compoaition of Cows’ Milk jn Health and Disease, Jour, Ckem, Soc., 
1879. 

f ^^BeitHlge znr physiologiachen Chimie der Milch,” von Dr. F, Soxhlet. 
Journal/Ur prcLktUehe Chemie, vol. 6, p. 1, 1872. 

X Hoppe^^yler, PhyshlogUche Chemie, p. 9^. 
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rennet, is the splitting up of the caseine into two bodies, one of 
which is precipitated, and an albuminoid, which remains in 
solution, and is neither precipitated by boiling, nor by any of 
the following reagents — acetic acid, potassic ferrocyanide, or 
nitric acid ; but is precipitated by mercuric chloride, and also by 
Millon’s reagent. 

Caseine is precipitated by a variety of substances — lead 
acetate, cupric sulphate, alum, mercuric chloride, tannic acid, 
rennet, sulphate of magnesia, and mineral acids, if not too dilute ; 
but none of these precipitate caseine in a pure state, the precipi- 
tate usually containing fat, nuclein, and phosphate of lime, the 
latter, as already stated (p. 200), in the proportion of from 1 to I *5 
per cent, of caseine. The best precipitant is sulphate of magnesia, 
which leaves the nuclein to a great extent in solution. The fat 
may then be extracted by ether ; but the phosphate of lime is in 
true combination with the caseine, and only a portion of it can 
bo removed. A solution of caseine in combination with sulphate 
of magnesia, and freed from fat, turns a ray of polarised light in 
weak alkaline solution, — 87*^ j in very dilute alkaline solution, 
- 87° ; in strong alkaline solution, - 91®. Pure caseine is a per- 
fectly white, brittle, transparent substance, insoluble in water, 
but soluble in very dilute acid solution, as well as in very dilute 
alkaline solution ; in each case there is little doubt that a true 
chemical combination is formed. The presence of phosphate of 
soda in a solution of caseine (as, for example, in the milk itself), 
prevents the precipitation by simple neutralisation by an acid, 
the caseine not falling down until the acidity of the liquid is 
decided. It has been shown by Schutzenberger that, on sealing 
up caseine in a tube and heating with baryta water, it behaves 
like albumen, and is resolved into the following substances 
The elements of urea (ammonia and carbon dioxide), traces of 
sulphurous acid, of sulphuretted hydrogen, of oxalic and 
acetic acids, tyrosine, C^H^^NOg, the amido-acids of the 
series corresponding to the fatty acids, 

from amido-cenanthylic acid to amido-proponic acid — leucine, 
CgHjoNOg, butalanine, C^HjjNOg, and amido-butyric acid, 
C^HjjNOg, with a few l6ss known or identified productsu ^ 
Many of these substanc^ may .be identified in putiid milk. : \ 

The amount of caseine in railk is fairly constant, being about 
3-9 per cent.; and the author has never known it exceeds 
per cent. 

S&ruTn^albumm occurs in milk, in no respect differing from the 
albumen of the blood. By careful addition of an alkali, this 
albumen may be changed into alkali-albuminate — ^tbat is, into 
caseine ; therefore, according to this view, the albumen in mil^ 
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majr be considered the residue of an incomplete reaction. ^ Albu- 
men is not precipitated by acetic^ carbonic, phosphoric, or tartaric 
acids. A small quantity of a dilute mineral acid does not pre- 
cipitate; with a larger quantity of concentrated mineral acid 
the solution becomes troubled, and the deviation of a ray of 
polarised light increased ; a still larger quantity of acid precijpi- 
tates it as acid albumen. The best method to obtain a solution 
of pure albumen is to precipitate a solution by basic acetate of 
lead, pass carbon dioxide through the mixture, separate the 
carbonate of lead by filtration, and, lastly, pass through it 
hydric sulphide, to remove the trace of lead still existing. 
Albumen is then in solution, but with a little acetic acid, on 
evaporation, it may be obtained in the solid state contaminated 
slightly with acetic acid.* 

Another method of obtaining albumen pure is by dialysis. The 
physical characters of solid albumen differ according to the method 
of separation. Albumen obtained by dialysis is in the form of a 
yellow transparent mass, specific gravity 1*314; but albumen 
separated in the ordinary way from milk, for the purpose of quanti- 
tative determination, is in yellowish flakes, brittle, without taste 
or smell, insoluble in water, alcohol, and ether, soluble in dilute 
caustic alkali, if gently warmed, and from this alkaline solution 
precipitable by an acid. The amount of albumen in milk is 
really fairly constant, and averages *7 per cent. In healthy cows 
it is a very constant quantity, the chief deviation occurring 
directly after calving, when the amount may rise as high as 3 per 
cent., but this is always accompanied by a corresponding rise in 
the caseine. According to the author's experience, the albumen 
preserves a very constant relation to the caseine, the quantity of 
the latter being five times that of the albumen; so that if either 
the amount of caseine or albumen is known, the one may be 
calculated from the other with great accuracy. 

Nitclein , — Nuclein is the organic phosphorus compound of 
milk, containing, according to Miescher, 9*6 per cent, of phos- 
phorus. Its formula is O 29 H 40 N^P 5 O 22 . It is by no means 
peculiar to milk, but has been found in the blood, in pus, in the 
yelk of eggs, in the liver cells, and in yeast cells. When freshly 
precipitated, it is a white amorphous body, somewhat soluble in 
water ; freely soluble in ammonia, soda solution, and phosphate 
of soda. The special test distinguishing nuclein from other 
albuminoids is the presence of phosphorus, and the production 

* Meggeuhofen appears to have been one of the first who detected the 
])re8esice of albumen m milk. He estimated the amount in cows’ milk as *69 
per cent. Diaaertatio Inau^ralia siHens indagatumem Lactia *Mviiebria 
Chemkam. C. Aug. Ideggenhofen. Frankfort, 1826. 
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of no/ed colour, either by Millon’s reagent, or by a copper salt : 
added to a solution of nuclein alkalised by soda lye, it forms a 
very definite compound witli lead, the lead and phosphorus being 
in the proportion of Pb to P. 

The method adopted by Hoppe-Seyler* to separate nuclein 
froip pus, was isolation of the pus cells by Glauber's salts, 
washing with very dilute hydrochloric acid and much water ; 
then extracting the nuclein %• the aid of a very weak alkaline 
solution of caustic soda, and filtering (which in this case ]iroves 
a troublesome operation), and precipitating by a mineral acid. 
The precipitate is again dissolved in weak alkaline solution, 
and again pi'ecij)itated, and the process I'epeated until the nuclein 
is supposed to be in a fairly pure condition. Nuclein may bv 
separated from milk on the same principles, first exhausting 
the solids by alcohol and ether to remove fat. 

§ 116. MilJc-Stigar^ — Milk-sugar, so far as is 

known, is only found in human milk, the milk of the lierbivoi'a, 
and of the bitch. It is easily distinguished from other siigai’s ; 
its specific gravity is 1*53; and ite solution turns a ray of 
polarised light to tlie right 58^*2. It is soluble in six parts of 
cold, and 2*5 jmrts of boiling water ; it is insoluble in absolute 
alcohol and in perfectly dry ether, but in dilute alcohol and 
commercial ether it is slightly soluble, the solubility in amount 
depending mainly on the percentage of water which the ether 
contains. At l^O'^ it loses an atom of water without further 
decomposition ; its watery solution is perfectly neutral, and has 
a sweet ta.ste : the sweetening power of milk as corai)ared with 
cane sugar is but feeble. 

It reduces Fehling’s copt>er solution in a proi)oi*tion different 
from that of grape sugar (see p. 115). Milk-s\igar undergoes 
lactic fermentation readily (see p, 217), but alcoholic with ‘some 
difficulty. Milk-sugar is precipitated by acetate of load aiul 
ammonia ; neutral acetate of lead, even at a boiling temperature, 
neither precipitates nor changes it. The oxides of copper, of 
bismuth and silver are reduced by solutions of milk-sugar, and 
indigo is decolourised ; these latter reactions are similar to those 
of grape sugar. When oxidised by nitric acid, milk-sugar yields 
mucic acid, acetic acid, and tartaric acids, and on further decom- 
position oxalic acid may be obtained. 

By boiling milk-sugar for several hours with 4 parts of water 
and 2 per -cent, sulphuric acid, neutralising with carbonate of 
lime, evaporating the filtrate to a syrup, a different sugar from 
lactose may be obtained in microscopical crystals. To tWs 
* 

* Mtd, Chem, UnUrmclu^ Hoppe-Seyler. Berlin, 4. Heffc. 
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altered milk-sugar, the name of galactose has been given. Its 
action on polarised light is expressed as +83*22 at 16°; it is 
a fermentable sugar, and yields, on oxidation with nitric acid, 
twice as much mucic acid as milk-sugar. 

The amount of milk-sugar in normal milk preserves a very 
constant relation to the percentage of caseine, being about *1 
grm. per every 100 cc. in excess of the caseine. Its average 
is about 4 per cent. 

§ 117. Mineral Constitiienta of Milk . — The mineral constituents 
of milk have been fully and early investigated, and the following 
may be considered a very close approximation to their actual 
amount and character : — 


Potassium oxide, K^O, 



18-82 

Sodium oxide, NaoO, 



11-58 

Calcium oxide, CaO, . 



22*97 

Ferric oxide, FcoOg, . 



•06 

Chlorine, Cl, 



10 23. 

Magnesium oxide, MgO, . 



.3-31 

Phosphoric pentoxide, P2OB, 



27*03 

Four analyses of milk ash by R. Weber and Haidlen 
the following ; — 

Minimum. Maximum. Mean. 

Potash, 

17 09 

33*25 

24*67 

Soda, ..... 

8 GO 

11 18 

9*70 

Lime, 

17*31 

27*55 

22*0 

Magnesia, .... 

1*90 

4*10 

3*05 

Ferric oxide,. 

%33 

*7G 

■53 

Phosphoric acid, . 

27 04 

29*13 

28*45 

Sulphuric acid, 

... 

... 

•30 

Chlorine, .... 

9'S7 

10 *90 

14*28 


The chlorine is in combination with the alkalies, the iron, and 
the earths as phosphate, as well as the potassium oxide. So 
that the mineral constituents of cows’ milk are, phosphate of 
pota.sh, phospliate of lime and magnesia, common salt, and a trace 
of phosphate of iron. Other mineral inorganic constituents liave 
been found in small quantity. If sutlicient milk be used, it is 
not difficult to obtain a fluorine reaction, and since fluorides form 
an essential constituent of the teeth, it is easy to see their impor- 
tance. A minute quantity of sulphuric acid as sulphates exists 
in milk, averaging from *05 to *08 grra. per kilogramme ; and it 
has also been assei*ted by G. Musso, that milk contains a sulpho- 
cyanate. This assumption was based on the following experi- 
ment : — 16 litres of milk, freed from caseine, fat, and albumen, 
were neutralised by baryta water, and evaporated to a syrup, and 
the syrup extracted with absolute alcohol ; the alcoholic extract 
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dissolved in water and treated with zinc and sulphuric acid, 
yielded some hydric sulphide ; and subsequent treatment yielded 
from G to 21 mgrms. of barium sulphate per kilogramme.* * * § The 
experiment appears to the author as hardly conclusive of the 
presence of a sulphocyanate, and requires further investigation. 

Nadler has ascertained that neither cows* nor goats* milk 
contains any iodine : he used for the research 6 litres of cows' 
milk and 3 of goats* milk.f Minute traces of copper have been 
found in milk ; but lead, arsenic, and all other metals, save iron, 
are absent, 

§ 118. Other Conatitumta of Milk, — In 18G4, E. Millon and 
Commaille, after coagulating and separating the caseine and 
albumen, obtained a precipitate from the yellow whey by means 
of a solution of mercury nitrate. This precipitate was white, 
amorphous, and became slightly red on drying ; it was insoluble 
in water, alcohol, and ether. The preci{)itate was washed with 
water, then with alcohol, and finally with ether, and after drying 
weighed. 

grrms. 

Cows’ milk yielded . , , 2*9 to 3*4 per litre. 

Goats’ milk ,, . . . 1*52 ,, 

Sheeps’ milk ,, . . . 2*53 ,, 

Asses’ milk ,, ... 3*28 „ 

Woman’s milk , , . . . 2*77 ,, 

To this body they ascribed the following formula — 

HgO + HgO, NO 3 , and gave it the name of Lacto-proteine, la 
1879, the author studied this body and decom[)osed it, and 
came to the conclusion that lacto-proteine, as a single definite 
substance, had no existence ; but that the mercury precipitate was 
composed of two substances standing between albuminoids and 
alkaloids, to which the names oi ^alactine and Uictochrome respec- 
tively were ascribed. With these substances arc precipitated 
small portions of albumen, which may have escaped precipitation, 
and traces of urea. 

The method of separation adopted by the autlior is as follows : 
The caseine and albumen are separated in the manner described 
at p. 241; the yellow whey is then precipitated by a solution of 
nitrate of mercury, of about the same strength as that used foi- 
es timation of urea ;§ the dense flocculent precipitate is then, after 

* Berichte tier Beutschen Cliaaischen Oesellftchufl, xi., p. 154, 1878. 

t Ueber den angoblichcn lodgehalt der Luft und verschiodener Nahrungs- 
mittel. Journal Jur Prakiiache Chemiej 99, i>. 198. 

4^ Nouvelle Substance coutenue dans le Lait. Extrait d’une Note de 
MM. Eli Millon et Commaille. Comptes Rendua^ 59, p. 301, 1864. 

§ The ordinary solution for the estimation of urea is made by dissohdng 
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AVERAGE COMPOSITION OF HEALTHY COWS’ MILK. 


Milk-fat 


Caseine, . 

Albumen, 

Milk-sugar, 

Galactiue, 

l^tochrome, 


r Olein, . 

1 Stearin and . 

1 Palmitin, 

1*477 
* 1 1*760 

Parts per cent, 
by weight. 

! Butyrin, 

1 Caproin, 
Caprylin and 

C Rutin, . 

0*270 
; 1 0*003 

3*60 

1 


. 

3-98 

. 

• • • • 

0*77 

. 

• • • • 

4 00 


• • • • 

017 

. . 

• 

undetermined 


Amorphous, bitter principle (glucosidc ?) 

Crystalline principle, CaH^Ojo* • 


( substances ) 

< precipitated > O’OI* 

( by tannin, ) 

. . undetermined 


Lactic acid, . . . Perhaps absent in milk in the udder, 

but by the time an analysis can bt* 
made, always present from *01 per 
cent. 

Alcohol, traces always present 

Odorous principle, oil of milk ? .... undetermined 

Urea, .... traces, such as *0001 per cent, nearly 

always present. 

Kreatinine, traces (Comroaille). 


(K,0, . 

0*1228) 

Na-O, . 

0*0868 1 

CaO, . 

0*1608 

■ Fe,0, 

0*0005 

P.O., , 

0*1922 

Cl, 

0*1146 

UMgO, . 

0*02431 


Fluorine very minute traces. 

Sulphuric acid in combination, *005 

Sulphocyanates, ? 

Water, 86*87 


GASES OP MILK. 

§ 122. The author has investigated recently the gases contained 
in milk. Various samples of milk wore clamped on to a mer- 

* Mean of four determinations only. 
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curial pump, and the whole of the gas which they yielded 
pumped out and receivcnl in tubes, whence the gas was trans* 
ferred to a gas apparatus and analysed. A litre of new milk, 
while fresh and warm from the cow, connected in this way to 
the pump, yielded 1*83 cc. of gas, which on analysis had the 
foHowing composition : — 


cc. 

Carbon dioxide, CO^, *06 
Nitrogen, N, . .1*42 

Oxygen, O, . . *35 


Per cent. 

3*27 

77-60 

10*13 


I'he proportion of oxygen to nitrogen was therefore nearly as 1:4. 
Another litre of good Devon commercial milk, on being subjected 
to the same process, yielded 3*468 cc. of gas, the percentage 
composition of which was : — 

Per cent 

Carbon dioxide, CO 2 , . . . , 60*47 

Nitrogen, N, 30*21 

Oxygen, O, 9*30 

This sample had been standing at a temperature of 15® for some 
hours ; hence the diminution of oxygen and the increase of 
carbon dioxide. Various otlier similar experiments were made, 
with the result of establishing the fact that a litre of fresh milk 
yields to the Sprengel pump from 1 to 3 cc. of gas, in which 
there is always a certain percentage of carbon dioxide, and in 
which the relation of the iiiti'ogen to the oxygen is very similar 
to the relation that exists in the air dissolved in water ; but 
that fermentation, at any tcm[>erature in which fermentation is 
possible, at once commences, when the lactic ferment begins to 
use up the oxygen, and ultimately carbon dioxide is the only gas 
which can be obtained. This evolution of carbon dioxide is 
slow but continiioiis, and it seldom readies any considerable 
amount. The author has kept milk for months in bottles pi*o- 
vided with a tube dipping under mercury, but only when 
the temperature was from 18® to 20® was the tension of the 
gas sufficient to cause it to be evolved witliout the aid of a 
Sprengel pump. As an example of this continuous fermentation, 
one of the experiments may be cited : — 100 cc. of milk in which 
fermentation had begun, were suitably clamped to a Sprengel 
pump : on the first day there was a small percentage of nitrogen 
and a little oxygen ; and on the second day a trace of oxygen ; 
but on the succeeding days the gas consisted wholly of carbon 
dioxide, as follows : — 
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1st day, . 

1123 cc. of CO, 

2nd day, . 

5 086 „ • 

3rd day. . 

19-540 „ 

4th day, . 

7-621 „ „ 

5th day, » 

7-370 „ 

6th day, . 

. . . . . . 9 023 „ 

7th day, . 

1-780 „ 

1 5th day, . 

21-350 „ 

19th day, . 

4-370 „ „ 


Giving a total of 77*263 ec. of carbon dioxide in 19 days, the 
temperature ranging between 14"^ and 19® *5. Milk previously 
deprived of dissolved air by the Sprengel pump, then conOned 
over mercury and submitted to an atmospliere of oxygen, rapidly 
absorbs the oxygen, the place of which is taken by carbon dioxide, 
provided the temperature is a fermentation one — that is, abovf^ 
9® and below 60®. This continuous absoi’ption of oxygen was 
well shown in an experiment of the author’s, in which a litre of 
milk w*as submitted to the action of a Sprengel pump, and in 
which it was found there was a continuous slow diffusion of air 
through the india-rubber connections. It has long been shown 
by Graham, that air thus fiinling its way through the minute 
pores of thick rubber is very highly oxygenised ; yet all oxygon 
rapidly disappeared from the gas, and after the second day pure 
nitrogen and carbon dioxide could alone be obtained : — 


1st day, 

6*732 cc. of gas. 

Carbon dioxide, .... 
Nitrogen, ..... 
Oxygen, .... 

Perceatago comp08iti«>u. 
55*392 

33*780 

10*828 

Ratio of oxygen to nitrogen as 

1 to 3 nearly. 

2iid day, total gas. 

Carbon dioxide 

Nitrogen, ... 

Oxygen, . 

7 '2 cc. 

. 49*73 

. 49*73 

*54 

3xd day. 

Carbon dioxide, .... 
Nitrogen, 

4*863 cc. 

61*06 
. 38*94 

4th day, — 

Carbon dioxide, , . . . 

Nitrogen, .... 

87*98 
. 12*02 



§ 133 ,] “fore” hilk. 817 

Percentage composition. 

day,— * 

Nitrogen, 91*52 

Carbon dioxide, - . . . • 8*48 

7th day, — 

Nitrogen, 46*62 

Carbon cUoxide, 54*58 


*‘FORE*’ MILK. 

§ 123. If an animal is fractionally milkcMl — that is, the whole 
of the milk received into three or fonr different vessels — it will 
bo found that, on analysis, tlie several portions exhibit sonto 
difference of composition, more observable in the last and th(i 
first, than in the intermediate portions. This difference mainly 
affects the fat, the first portions of the milk yielding, as a rule, 
but little fat, while the latter jmrtions, called “ strippings ” (in 
speaking of cows^ milk), contain an excess of milk-fat. Thus, in 
a Devon cow milked in this way for the purpose of analysis, tlie 
writer found the two extreme portions to have the following 


composition : — 



Fore Milk. 


Strippings. 

JSpecillc gravity, 



1*0288 


1*Q256 

Milk-fat, . 



1*106 


5*810 

Coseiue, . 



2*387 


4*304 

Albumen, . 



1*830 


•975 

Oalactine, . 



•381 


•545 

Milk-sugar, 



3*1*20 


3*531 

Ash, 



•7i)7 


•895 

Water, 

Common salt in ash, . 


•340 

90*319 

*267 

83*940 

In another experiment a Guernsey 

cow yielded the following > 
Fore Milk. Strippings. 

Specific gravity, 


• 

1*040 


1023 

Milk-fat, . 



•357 


5-946 

Caseiue, : 



4708 


3-435 

Albumen, . 



*461 



Oalactine, 



*267 


-166 

Milk-sugar, 



4*94:1 


5-280 

Ash, 



•874 


-9-29 

Water, . . 

Common salt in ash, . 


•100 

88*400 

•098 

83-394 


Dairymen are perfectly aware of the pooimess of fore milk in 
fat, and more than once fraudulent milkmen have endeavour^' 
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to defend themselves by having recourse to the strange expedient 
of partially milking a cow before such functionaries as aldermen 
or policemen; and delivering with all formalities the sample to 
be analysed. The analyst, not knowing its history (for in sfibh 
cases it is transmitted as an ordinary commercial mik), and 
finding it on analysis deficient in fat, certifies accordingly, and 
until the matter is explained suffers in reputation. Such tricks 
have during the last few years been rather common, but so fully 
exposed that they are not likely to re-occur. 

This diflerence in the first and last milkings is not confined 
to cows* milk, but has also been observed in the milk of other 
animals. Peligot had an ass milked in three successive portions. 


and found as follows : — 

1 

2 

3 

Milk-fat. 

•96 

1^2 

1*52 

Milk-su£rar, 

6*50 

6*48 

6*50 

Caseine, . 

1*76 

1*95 

2*95 

Total solids, . 

9*22 10*45 


10*97 

Water, . 

. 00*78 

87 '55 

89*0.3 


Eeiset* has also found a considerable difference in the per- 
centage of total solids in human milk in fractions taken before 
the child was applied to the breast and after. 


1 . 

2 . 

3. 


Before Suckling. 

10*58 

12*78 

13*46 


After Suckling. 

12*93 
15*52 
14 -.57 


It has been considered that this difference is merely due t«» 
the effect of a physical cause ; that, in short, as regards cows* 
milk, the milk already secreted is in the same state as if it 
stood in a vessel, and the fat rising to the top is, of course, drawn 
last. This explanation cannot be altogether true, for the same 
phenomenon is observed in human milk, and here the breasts 
are horizontal, or nearly so. It is more probable that during the 
act of milking secretion goes on, and it. would seem that the 
fatty contents of the milk-producing cells are set free before th(* 
more watery and albuminous. Hence, the strippings arc, as the 
most recent portions of the whole secretion, rich in fat. This 
view is supported by an experiment of Heiset, in which it was 
proved that the longer the time elapsing between the paHial 
milkings, the less the percentage of solids. 

* J. Reiset : Annales dt Chinde et dt Physique^ 3, ser. xxv., 1849. 
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HUMAN MILK. 

§ 124. Woman’s milk has been long an object of research, ami 
numerous analyses of it are scattered through scientific literature. 
These analyses, in their quantitative results, show considerable dis- 
crepancies, so tliat we must either adopt the supposition that 
human milk is very variable, or, what is more probable, that the 
samples taken did not re})resent the average secretion. From 
experiment, the author lias come to the conclusion that it is 
impracticable with any mechanical appliances to obtain a complete 
sample of human milk. In civilised life the nervous system 
assumes siicli a high and delicate state of organisation, that the 
secretion is far more dependent on the presence and contact of 
the oflTspring than among animals. Hence, samples of human 
milk taken by breast pumps, or other exhaust apparatus, can 
only be considered partial samples ; and a study of partial 
sampling in the case of cows* milk (p. 217) has taught us how 
very widely the quantities of the fatty constituents in such 
samples differ from one taken from the whole bulk. Woman’s 
milk contains milk-fat which has not l>een obtained in quantities 
suflScient for accurate investigation, and a knowledge of its exact 
composition is still a desideratum. It, however, certainly 
contains butyrin, for the author has succeeded in isolating a 
sufficient quantity of butyric acid from sa[)onified human milk- 
fat to identify it satisfactorily. Milk-sugar, caseine, albumen, • 
galactine, and a colouring-matter, with mineral substances, are 
also constituents of woman’s milk. Tlie caseine, like that of the 
ass, is peculiar in not separating in flocculent masses by the pro- 
cesses recommended at p. 241, and the analyst is under the neces- 
sity of adopting a different process (.sec p. 242). This difference is 
all-important; for in artificial feeding with cows’ milk, as soon 
as the milk reaches the stomach, the milk, in popular language, 
“ curdles,” and is often rejected by vomiting. One of the earliest 
exact analysis of human milk was made by Meggenhofen* in 
1826. His treatise scarcely appears to be known, yet it contains 
]>retty well all that is known of the composition of human milk. 
The total solids of human milk Meggenhofen determined from 
twelve samples, the higliest of which is 13’38, and the lowest 
9 ’25 per cent., the mean being about 12 per cent. Probably for 
the first time Meggenhofen determined the albumen separately 
from the caseine, and also weighed ^^materice aninialis tinciu/ra 
(joMaruvi miimalis precijpilat(ey His view of the composition of 
human milk may be fairly stated thus — 

^ DiAaerUUio Inauguralis Indagationem Lactis Muliehris Chemkam. C. 
Aug. Meggenhofen. Frankfort, 1820. 
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Per cent. 

Milk-fat, 2-90 

Caseine, 2*40 

Albumen, *57 

Albuminoid precipitated by gallic acid, . . *10 

Sugar, 5*87 

Ash, *16 , 

Water, 83*00 


According to the writor’s own experiments on human milk, 
and the quantitative analysis of samples taken as fairly ami 
completely as can he donc^ it has the following composition : — 

Per cent. 

Milk-fat, 2*90 

Caseine, 2*40 

Albumen, ^ . *57 

Galactine, ........ *10 

Sucar, 5*87 

Ash, *10 

Water, 88 *0 

Total solids, .... 12 0 

Solids not fat, .... 9*1 


With regard to otlier constituents, urea is often present; tljort‘ 
is also an odorous principle. Human milk decomposes similarly 
to cows’ milk, and yields similar gaseous and other products. 

§ 125. Milk of ike Aa 9. — The author has recently had an 
opportunity of investigating the milk of the ass. This milk 
was obtained under his personal superintendence from asses kept 
and fed in London dairies for the purpose of supplying the 
demand that still exists for asses’ milk. The animals >Yere on a 
uniform diet of bran, bay, and oats. The yield of each milking 
was carefully noted, and the ass in each case milked dry. It 
would ap}>ear that the milk of the ass under these circumstances 
lias a very uniform composition, the differences observed being 
quite unimportant. The yield for commercial purposes appears 
not to exceed 3 pints, and to average about 2^ pints daily. More 
than this is doubtless secreted, but some of it is used by the 
foal. In ny case did a single milking yield half a litre (three- 
fifths of a pint), but usually between 300 and 400 cc. 

The mean composition of asses’ milk is as follows : — 

Per cent. 


Milk-fat, . 
Caseine, 
Albumen, . 
Galactine, • 

IT': ; 

Water, 

Total solids, 
Solids not fkt. 


8*83 

7*81 


1*02 

1*09 

•70 

•10 

5*50 

•42 

9117 
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The fat contains 5 per cent, of butyric acid, equal to 6*6 per 
cent, of butyrin ; it is probably very similar to butter fat. After 
the precipitation of caseine, albumen, lactochrome, and galactine, 
there yet remain principles precipitable by tannin. As in 
iiuman milk, the caseine is not readily precipitated but remains 
suspended in a state of line division, however far lactic fermen- 
tation may have progressed. 

§ 126. Milk of the Goat — The milk of the goat, as a rule, con- 
tains more cream than that of the milk of the cow, and rather 
less albuminous matter. 


Its average composition is as 

follows : — 

Per Mnt. 

Milk*fat, .... 

■F • ‘ * 

4-20 

C'aseine, .... 

Albumen, . . • \ • 

3-00 


•62 

(lalactine, .... 


*08 

Milk-sugar, . . . . 


4 00 

Mineral constituents, . 


*56 

Water, 


. 87-54 

Total solids. 

! 12 -46 * 


Solids not fat, 

* . . 8*26 



§ 127. MUk of the Mare , — The milk of the mare closely 
resembles in its constituents the milk of the cow : the caseine, 
the sugar, and the fat being very similar, if not identical. M. J. 
Duval* asserts that he has discovered in the milk of the 
mare H new acid, to which ho has given the name of equinic, and 
which crystallises in groups of little needles ; it is not volatile 
Avithout decomposition, in odour fragrant. It is combined with 
a base volatilised by heat, which the author considers a base of 
the ammonia type. Its reactions with silver nitrate, ferric 
cliloride and auric chloride distingui.sh it from hippuric acid. 
No analyses are, however, given. 

The mean composition of mare’s milk is as follows : — 


Milk.fat, . 


Per cent. 
2*60 

^Caseine, 


2*19 

Albumen, . 


•42 

(ialactine, . 


•09 

Sugar, . . 


5*50 

Mineral constituents, . 


• *50 

Water, 


. 88-80 

Total 8olidjE^ 

! ! ! n*2 


Solids not fat, 

8*7 

A 


* Comptes Rendue^ t. 82, 419, 1876. 
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MILK OF OTHER MAMMALS; LACTESCENT PRODU> 

BIRDS AND PLANTS. 

The following Notes on the Composition of the Milk of other 
Mammals, i&c., may be found useful for coraparat^ purposes. 

the Sheep. — Sheeps’ milk is retoarkablyor its hi^h specific 
gravity, and tfe4ai;ge amount of solid matter which it you tains ; the sj>ecific 
gravity ranges fromrO*$d4^^^L and the total \oli^ may rise as high as 
19 per cent. The average^Otepogition is as foHowsi 


Milk-fat, . 
Caseine, 
Albumen, . 
Galactine, . 
Milk-sugar, 
Ash, . 

Water, 

Total solids, 
Solids not fat, 


17*73 

12*43 


Per cent 

5*30 
aJO 
1 * 

0*13 
4*20 
1*00 
^82 *27 


The caseine behaves similarly to the yfeseine of cows’ m\lk^ and ^parates 
easily by dilution, acidulation with amtiG acid, &c. (see n 241.) The fat 
yields 6 {)er cent, of its weight of Mtyric acid, and is protobly of himilar 
composition to the milk-fat from cqjfs* milk. \ 

^ 129. The Milk of the has analysed the milk of the ckmel. 

He describes* it as perfectly colour, and po.ssessing globules smaller 

but more numerous tlian uix^ws’ milk, the diameten being oii an 


average one-half, Specit^i^ravity, l (^. 
milk-sugar and ca^iwf^rhan cows’ mill 
camels’ milk, antf^ves the following figure 

Albuminoids, .... 

Fat 

Milk-sugar, .... 

Ash, ...... 

Water, , . ... 


It aj)pears to be rawier richer in 
Dragendorfft has aho aualy^l 

Porlcenr. 

3 84 
2[)0 
5166 
66 
86*94 


§ RIO. Milk of the Llama. — Doy6re:J: has analysed the milk of the . llama. 
The mean of his three analyses is as follows : — 

Per cent. 


Milk-fat, 3*15 

Albuminoids, *90 

Milk-sugar, 5 60 

Ash, *80 

Water, 89*55 


§ 131. Mitk of the //ippopotowiw.— There are few opportunities of analysi^ 

* Snr le Lait de la Chamelle A deux Bosses, par. M. Chatin. Journal de 
Pharmade et Ckemie, t. i., 4 ser., p. 264. / 

t ZeitHchriftf.^Cheniie, 1865, s. 735. 
tAnn.de CInst, Agrom. 1852, p. 251. ^ 
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the milk of this enormous animal, as it is fierce when it suckles its ofTsprinz. 
A sample of the milk was, however, investigated by Gmining.* He describesTt 
as of an acid reaction, and under the microscopj^howing larger globules 
than that of other animals. The young hippop^mus sucks under water, 
and can remain there for a much longer time^an the adult animal. The 
secretion of milk is excessive in quantity, aiml escapes from the distended 
teats in streams, which make the watep^round the animal quite 0[>a(}ue. 
lts*general composition appears to follows : — 


Milk-fat, 
Milk-sugar, with 
substance, 

, Salts, 

■■^atcr. 


aall portion of albuminoid 


Per cent 

4 51 

4 * 40 ^ 

•11 

90*98 


§ 132. MilkM iha Sow . — The mean of eight analyses collecfi 
of so\^ niiljif Is as follows : — 

Alburninoldsi 
/ Milk-sugar, . 

Ash, 

\V atcr, 

Total solids. 

Solids not fat, 

1'here are also two analyses of the milk of^a 
and Joly ; the animal was fed on horsc-llesh, from natn^hi^under 

this diet was secreted a highly albuminof!jy!Jroid. containing but Bltle 
sugar. Specific gravity 1 *044. 



^ate^y Filhol 
n natn^hi^u 


Albumen, 

Fat, 

Sugar, , 

Kxtractives and salts, 
Water, . 

Total solids, 

Solids not fat, ' 


^ .Ter cent, 

210 

0*4 


23 0 
IG'4 


0 *5 
3 01 
77*0 

31 9 
2G’5 


'^3 

68 1 


^ 133. 3filk of the The milk of the bitch is highly charged with 

albuininons solids, and is of a specific gravity ranging from 1*034 to 1 *036. It 
has been investigate*! by Simon, Dumas, Filhol and Jolly, Talmatescheif, 
Densch, Scubotin, and others, with the following mean results 


Milk-fat, 
Casein e. 
Albumen, 
Milk-sugar, 
Ash, . 

W ater, 

Total solids. 
Solids not fat, 


23*46 

13*83 


Per cent. 

9*57 
5 53 
4*38 
319 
•73 
76*60 


* Otizetta Chim, Italiana, 1871, p. 255. 
t Op. ciC, 
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§ 134. Milk qf the Cat. •--The milk of the carnivora generally has the pecu- 
liarity of having the milk-sugar almost entirely replaced by lactic aci^ and 
lienee the milk invariably possesses an acid reaction. An analysis of the 
milk of a cat by CommaUle is as follows. The milk was taken twenty-four 
hours after kittening ; it was feebly acid : 


Milk-fat, ........ 

Caseine, 

Albumen, . . 

ljacto-i>roteine, . . 

lactose and organic acids. ..... 

Ash, 

Water 

Total solids, . . . . . 18*377 

Solids not fat, 15*044 


Per cent. 
3-333 
3-117 
5*964 
•4G7 
4*911 
*585 
81-623 


The *467 would correspond to about *25 of galactine. 

§ 135. Milk-like Secretions of Birds and Plants . — It is usually held that 
mammals alone secrete milk, but this is by no means certain ; for during 
the latter portion of the incubation-period, as well as more profusely for a 
little while after the young birds are hatched, the pigeon secretes a nutritions 
albuminous fluid in her crop, which is supposed to be used for the pur{K>8e 
of feeding the young birds. Acconling to Locomte^s analysis this secretion 
contains, 

Caseine and salts, 23 -2.3 

Fat, 10*47 

Water, 66*30 

Such milk-like secretions are by no means conhned to the internal 
mucous membranes of birds. Jonge* has made a most valuable research on 
the secretion of the glands known to anat^nnists as (Handula vrophyfjii^ 
situated at the tail of the common goose. The secretion was obtained in 
safficient quantity for a complete qualitative and (|uaatitativo analysis, and 
although the analysis w*as not quite so complete as if a larger quantity had 
been obtainable, it fairly shows that there is a considerable analogy between 
milk and this secretion, the most marked difference being tlint no trace (»f 
milk-sugar could be found. The analyses of tw*o samples were ius follows:— 



1, 


2. 


Total solids, . 


.391*93 


415-34 

Water, .... 
Albumen and nuclein. 

179-66 

608-07 

127-63 

584-66 

Compounds insoluble in 





absolute ether, . 

186-77 


247 08 


Alcoholic extract, . 

10*90 


18-31 


Water extract. 

7 63 


11*31 


Ash, .... 

707 1 

SoL 3-71 j 
Insol. 3*36 j 

I 11-01 1 

1 Sol. Ill 
j insol. 3-36 


* ** Ueber das Secret der Talgdrusen der Vflgel und sein VerhUltniss su 
den fetthaltigen Hantsecreten der Saujrthiere, insbesondere der Milch, *’ 
Von D. de Jonge. ZeiUchr^'t /Ur Physiol Chentie^ Von F. Hoppe- 
Seyler. Strasburg, 1879. 
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In ether extract^ 1 

Cetyl>alcohol» . . 74*23 

Oleic acid, . . . 6*48 

Lower acide, , , . 3*73 

Lecithin, . . . 2*33 


2 

104*02 

14**84 


In the vegetable kingdom, numbers of trees or plants yield a white fatty 
i^ecretion, popularly called milk, though, as a rule, such fluids have no right 
to this title, being totally different in com]>osition and properties. A 
very remarkable exception to this assertion is, however, met with in the 
“ milk tree ’* {Broftimum galactrodeiulron)^ to be found in Central America. 

This tree, on incision, yields an abundance of a thickish feebly acid fluid, 
coagulating on exposure to the air. M. Boussingault has recently analysed 
this juice, and considers it perfectly analogous to oixUnary milk, since it 
contains a fatty principle, an albuminous principle, a sugar, and phosphates. 
The exact conif>osition of these different matters has, however, not been 
determined. Boussiugault’s general analysis is as follows : — 


Fatty saponifiable matters, . . . . 35*2 

Sugar, and substances analogous, . . . 2*8 

Caseine, albumen, 1*7 

Earths, alkalies, phosphates, ... *5 

Substances not estimated, . . . . 1 *8 

Water, ........ 58*0 


This milk is used largely as a food in the regions where the tree grows. 


ABNORMAL MILKS. 

§ 136, Milk whicli deviates from the natural secretion, the 
animal suffering from no disease, and milk secreted 
unnatural conditions, may be conveniently classed as ahnotf . 
inaL” (Milk derived from the unhealthy will be considered 
in another section.) Instances of healthy cows giving milk dif- 
fering essentially from ordinary milk are very few. One such, 
however, is recorded by Mr. Pattinson, wlio analysed the milk of 
a roan cow, which onlj^ gave 2 per cent, of albuminoids, and 
yielded no less than 4 grms. per litre of common salt. The 
Miiiiual is stated to have been in good health. 

The newly-born human infant almost constantly secretes a fluid in the 
luariinide, aud adult males have not only secreted milk, but that in abun- 
dance enough to suckle. Females also, both human and animal, occasionally 
secrete milk without having been previously pregnant. With regard to the 
milk secreted by infants, there is some doubt about its real nature. Kolliker 
does not view it as a true milk, but considers its appearance connected with 
the formation of the mammary glands. Sinety, on the other hand, upon ana- 
tomical grounds, considers it a true lacteal secretion. It probably is a sort 
of imperfect milk loaded with leucocytes, and this is the more likely, as 
Billard (Tra\U des Mdladiea dea EnfanU nouveau 3me edition, 18^, p. 
717) notices that it frequently ends in abscess. 

Schlossberger gives an imperfect quantitative analysis of a sample of 
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milk,* obtained by squeezing the breasts of a newly >borti infant — a male. 
In the course of a few days about a drachm was obtained. The following 
was the result of the analysis : — 

Per, cent 

Water, 96 ’TS 

Fat, * . -82 

Ash, *05 

Caseine, sugar, and extractives, . . • 2*83 


Sugar reaction strong. 

The roost complete analysis we yet possess of such milk is one by V. 
Gesner, which is given in the following table with other less perfect 
analyses ; — 



1 + 


3§ 

Milk-fat, 

i . 1*456 

•82 

1-40 

Caseiue, . 

*557 

• •• 

2-80 

Albumen, 

•490 

... 

Milk-sugar, 

*956 

... 

1 6-40 

Ash, 

•826 

•05 i 

Water, . 

. . 95*705 

96*30 

39-40 

Total solids, . 

. 4*295 

3*70 

10-60 


Jolly and Filhol have recorded the case of an old lady, 75 years of age, who 
suckled successfully her grandchild. || Similar instances have been recorded 
in dogs, and we fortunately possess one or two anal^'ses which show that tlie 
fluid 18 certainly milk. Thus Filhol and Jolly give the following analysis of 
the milk deriv^ from a bitch which had no connection with a male : — 


Specific gravity, 1 *069 

Total solids, 29 00 

Fat, 2*20 

Sugar, ....... *32 

Albumen, 23*20 


The ash, on analysis, gave the following i>ercentages in 100 parts : — 


Chloride of sodium, 
Chloride of potassium, 
Calcic phosphate, 

Sodic phosphate, • 
Sodic carbonate. 


65*10 

3*88 

27*75 

1*40 

1*87 


Traces of magnesic and sodic phosphates. 

Men before now have suckled children. HumboldtII relates the case of 
Francisco Lozano, whom he saw, and whose case he carefully investigated ; 
and it appears established that this man did secrete from his br^ts a 
nutrient fluid on which his infant aoja lived for many months, it is said, 
indeed, a whole year. The curious in auch matters may consult the refer- 
ences given in the footnote for additional cases.** 


* Untersuchung der sogenannte Hexenmilch, J. Schlossberger, Annalen 
derChemie u, Phrirmacw, b. 87, 1852. 

^Jahrb.f. Kindtrkrankheilen^ N, FI, Bd. ix., §160. 

X Schlossbei^er «. HanfiT, Ann. Chem. Fharm.^ Bd. xcvj,, p. 68. 

§ Gabler u. Quevenne, op cit. 

|[ **Rechercbes sur le Lait,” iiL, Bruxelles, 1856. * 
if Humboldt: ** Voyage auxRCgionsEquinoxialesdu Nouveau Continent.’’ 

** Robert, Bishop of Cork : Letter concerning a Man who gave Suck to a 
Child, Phil. Tran9,f 1741, No. 461, t. xlL, p.8i3. Fraaklyn: “Narrative 
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Instances have also been known of a like kind among animals. Schloss- 
berger has analysed the milk derived from a he-goat (Annalen der Chemie 
u, P/iarniacie, 1844) : 

Milk'faty 26*50 

Caseine, with salts soluble in alcohol, . 9*60 

Sugar, with salts soluble in alcohol, . . 2*60 

The ash was *782 per cent. — viz., *325 soluble in water, *457 insoluble. 
Occasionally the female mammae after continemcnt has continued to yield 
milk, although the infant has either been dead or nourished otherwise. 
In such cases the milk deviates from its normal composition, and is, for the 
most part, highly albuminous. In a case of this kind recorded by Filhol and 
Joly,* three analyses of the milk were made as follows, at different dates, 
about a week apart : — 



1. 

2. 

3. 

Si>eciric gravity, . 

1 *039 

1*025 

1*023 

Total residue, 

21*50 

18*30 

18-63 

Milk -fat, .... 

5*00 

6*15 

7*80 

Sugar, 

2*19 

1*27 

3*50 

Albumen, ...» 

12*96 

900 

6*65 

Extractives and salts, . 

1*35 

1*88 

1-68 

Water, . . . • . 

78*50 

81*70 

81*37 

Caseine was entirely absent, 
composition of the ash was as follows : — 

Chloride of sodium, 


Per cent. 
73*10 

Chloride of xiotassium. 



traces. 

Calcic phosphate, 



23*40 

So<lic phosphate, 

• » . 


*80 

Sodic carbonate. 



1*89 

Magnesic and ferric phosphates, 

• 


*81 


GENERAL EXAMINATION ANT) ANALYSIS OF MILK. 

§ 137. The general examination and analysis of milk may be 
conveniently treated of under the following heads: — 

I. Mici*oscopical examination of milk. 

II. Analytical processes, more particularly for the purposes of 
the food-analyst. 

A. General analysis of milk. 

(a.) Specific gravity. 

(6.) Total solids. 

(c.) Extraction of milk-fat. 

(df.) Extraction of milk-sugar. 

(e.) Albuminoids and ash. 

of a Journey to the Shores of the Polar Sea,” 1819, p. 157. Coblmld : 
Milk from the Male Mamma, Monthly Journal of Med. Science^ 1854 ; 
t. xviii., p. 271. Morgagni: Adversaria Anatomica Omnia (F. Anxmad* 
versio, i., p. 3). 

* Camptes Rtndus^ t. xxxvi., p. 571. 1853. 
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B. Various methods proposed for extracting the milk-fat. 
(1.) Solvents for fat. 

(2.) Soxhlet’s process. 

(3.) Extraction by ether, acting on alkaline milk. 

C, Various other methods of milk analysis. 

(1.) Drying in a vacuum. 

(2.) Direct determination of the water. 

(3.) Absorption of water by dehydrating agents. 

(4.) llitthausen’s copper process. 

(5.) MUller^s process. 

(6.) Clausnizer and A. Mayer's process. 

III. Special details as to the more exhaustive and scientific 
analysis of milk. 

(1.) Analysis of the milk-fat, -and examination of the 
ethereal extract. 

(2.) Extraction of the milk-sugar. 

(3.) The ash. 

(4.) Estimation of albumen. 

(5.) Isolation of galactine. 

/6.) Isolation of the principle precipitated by tannin. 
(7.) Estimation of urea. 

(8.) Estimation of alcohol. 

(9.) Volatile acids. 

(10.) Estimation of the total acidity of milk, and 
estimation of lactic acid. 

(11.) Detection of metals in milk. 


I. Microscopical Examination op Milk. 

§ 138. A mere chemical analysis is incomplete and insufficient 
in itself, and should in all cases be preceded or supplemented by 
a careful and painstaking microscopical examination. Normal 
milk, viewed under the microscope, presents for the most part a 
multitude of fat globules floating in a clear fluid. The globules of 
human milk measure in diameter from •002 to *005 ram.; those 
in the milk of the cow, from *00062 to 00039 inch [0016 to *01 
mm.} These fat globules are of two kinds. By far the most 
numerous are evidently drops of fluid fat ; but thei*6 are occasion- 
ally to be seen others which would appear to consist of solid fat, 
for they are rougher on the surface, and less soluble in ether, 
characteristics which they lose on warming, becoming like liquid-fat 
globules. In human mUk, and, to a certain extent, in cows’ milk, 
there aM also as normal constituents, but in sparse quantity — 
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(1.) Fatty drops having a half moon-shaped, finely granular 
substance ; 

(2.) Clear cells enclosing one or two fatty drops, and an 
eccentric nucleus ; 

(3.) Kound clear bodies, easily coloured by eosin and picro- 
carmine. These last Heidenhain considei*s to be free nuclei.* 

In the colostrum, or milk drawn the first few days after 
parturition, there are present other elements — viz., the so- 
called “ colostrum cells.” Some of these consist of a number of 
small and large fat globules, held together by a hyaline tissue or 
membrane, swelling on the addition of acetic acid or alkalies, 
and only slowly coloured by aniline red. There are other 
granular cells coloured at once by the same reagent. If the milk 
is taken fresh and warm, and a minute drop examined on a 
Strecker^s warm stage, t and kept at a temperature of 38^*, the 
corpuscles will exhibit amoeboid movements, perfectly similar to 
those which have been noticed in the white corpuscles of the 
blood. Indeed, it is almost certain that the colostrum cells 
are no other than the white corpuscles of the blood, infiltrated 
with milk-fat, for Heidenhain, having injected into the dorsal 
lymph vessel of the frog a cc. of fresh milk, after 48 hours found 
the white corjmscles loaded with milk-fat, and in no respect dis- 
tinguishable from colostrum cells. When the milk has undergone 
any fermentation, the lactic ferment itself may be identified, 
and little lumps of caseine may be seen. These are mostly 
irregular and amorphous, but sometimes they have the appearance 
of flattened cylinders, and other shapes. In abnormal milk may 
be detected pus or blood, or sometimes both. If the pus is 
derived from inflammations within the mammae, and has been 
mixed with the milk before milking, the pus cells become 
infiltrated with milk-fat, and are difiicult to distinguish from 
colostrum granules; but if derived from ulcers on the teats, they 
have the usual appearance of pus cells. The pus cells, like the 
colostrum cells, and the mucous corpuscles, are all different forms 
of white blood-corpuscles [leucocytes], and when placed on the 
warm stage exhibit amoeboid movements. Pus cells, as usually 
observed, are spheroidal, granular, and colourless, measuring 
from about 1-2500 to l-3000th of an inch in diameter. On treat- 
ment with dilute acetic acid, the cell clears up, and shows two, 
three, or four nuclei. Blood, in small quantity, gives a pinkish 

* R. Hoidenhain : “ Handbuch der Physiologie.” Herausgegeben yon Br. 
L. Hermann. Leipzig, 1880. 

t In default of Strecker's stag^ a plate of copper, having a central aperture 
and a thick straight wire, some inches in length, may be used. The plate is 
kept at the desired temperature through heating the wire by means of a 
spirit lamp. 
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colour to milk; if a large amount be present, it sinks to the bottom 
in red flocciilent masses, which soon, from being deoxidised by 
the milk, acquire a tint varying from a red more or less dark, to 
a shade almost black. In small quantities reliance must be 
placed on the microscopic appearance of the blood-discs, which 
are wholly unlike any cell found in normal milk. The red blo(^- 
discs of the cow are like those of the human subject — little 
circular, biconcave, flattened discs, measuring on an average 
l“4000th part of an inch. Human blood-discs have an average 
diameter of 1*3500 inch. By the aid of the micro-spectroscope, 
the absorption-bunds may also be seen. These are, in oxidised 
blood, two bands between D and E, the one close upon the red 
being narrower, darker, and better defined than the one nearer 
to the green ; with deoxidised blood, only one band is seen, 
between D and E. On treating the blood with oxygen, or shaking 
it up with air, the two bands re-aj^pear. In milks a 

peculiar fungus has been discovered, and in the milk from 
animals suflering from foot-and-mouth disease, certain special 
appearances have also been noted, which are described in the 
section treating of this disease. 


II. — Analytical Processes more Particularly for the 
Purposes of the Food-Analyst. 

§ 139. The early attempts at the analysis of milk have been 
already detailed. 

One of the first accurate processes for the general analysis 
of milk which the author has been able to find, was published in 
1853, by MM. Vernois and A. Becqiierel.* 

A small quantity [30 grms.] was taken, dried, exhausted with 
ether, burnt up to an ash ; the sugar obtained “d saccharhnHre ” 
from the whey, the caseine being first separated by coagulation 
by acetic acid, and then estimated by difference. This process 
was certainly capable of giving very fair and accurate results, 
and it is the more curious to note, how many English analysts, 
even very recently, employed erroneous and clumsy methods. 

Mr. Wanklyn, by his work on milk analysis, t revived the 
more accurate method of using comparatively small quantities 
for analysis, thus avoiding very considerable error, from tlie risk 
of large quantities decomposing by prolonged heating. He 
advocated the use of platinum di^es, and supported strongly the 

* Comptea Rendm, t. 36, p. 187, 1863. 
t ‘^MUk-Analysie.” By J. A. Wanklyn. Lend. 1874. 
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doctrine of the feiirly constant character of the non-fatty consti- 
tuents of milk, dividing the total milk solids into two divisions : 
the one, milk-fat^* the other, solids not fatP 

Whatever modifications have been since introduced in the 
methods for the analysis of milk, the general process is still 
on. the principles advocated by Mr. Wanklyn. 


A. General Analysis of Milk. 

§ 140. By the general analysis of milk is meant merely separa- 
tion of the milk, by the aid of solvents, into milk-fat, solids not 
fat, and ash. Such an analysis is the simplest quantitative 
exercise in practical chemistry, and might profitably be given 
to students as an easy and pleasant task to render them familiar 
with ordinary weighings and calculation. 

(a.) Specific Gravity , — The specific gravity is first taken. This 
may be done with foir accuracy by an hydrometer, and still more 
correctly by a WestphalFs balance (or by the balance described 
at p. 70), or by a s})ecific-gravity bottle. Bottles holding 
exactly 50 grms. of water at 15’’ may be purchased. The bottle 
is filled with the milk, first brought to the required temperature, 
by either cooling or heating, as the case may be, and weighed, 
and the specific gravity obtained by nialti[)lying by '02 ; or if a 
bottle is used which contains no simple multiple of 100 grms. 
of water, the ordinary equation may be used, — 

Weight of water : 1*000 : : weight of milk : specific gravity. 

(6.) T^al Solids , — The specific gravity having been obtained, 
exactly 10 cc. are transferred by means of a pipette to a plati- 
num dish, and submitted to the action of a water-bath, until 
the contents cease to lose weight; this usually takes from two 
and a half to three hours. It may be proved by direct experi- 
ment, that the results from the use of platinum are far more 
constant and more speedily obtained than those obtained by the 
use of porcelain or glass evaporating dishes. The author has 
invariably found that porcelain gave a higher result than plati- 
num, or, in other words, porcelain is more favouralile to the 
milkman. When the residue is perfectly dry, it is at once 
weighed, and the results expressed in percentage by weight. 
The weight of the 10 cc. is known from the specific gravity 
already taken. Thus, supposing a milk of 1*032 specific gravity 
to give a total residue from 10 cc. of 1*423 grm. : since the 
specific gravity has shown that 100 cc. of the milk weighed 
103*2 grms., it follows that 10 cc. must weigh 10*32 grms. 
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Hence^ 10*33 grms. have yielded a residue of 1*423 grins., which 
is (calculating only to the first decimal place) 13*7 per cent. 

(c.) Extraction of MUk-Fat — On treating this dry residue by 
ether, or petroleum, a further loss will be perceived when the 
ether is poured off, and the fat-free residue is first dried and then 
weighed ; and this loss represents the milk-fat. 

{d,) Extraction of the MUh-Su^gar, — On now exhausting this 
residue by weak boiling alcohol, repeatedly filtering the alco- 
holic fluid, and evaporating to dryness, the milk-sugar, with 
mineral matters dissolved out by the alcohol, is obtained. This 
evapoiation is best effected in a platinum dish. On drying very 
carefully, weighing, and then burning the sugar away, the ash 
is left, and must be weighed and subtracted from the original 
residue of milk-sugar and ash. The amount of sugar is thus 
obtained with fair accuracy, always being a little too high. 

(fi.) Albuminoids and Ash. — Lastly, the caseine, albumen, and 
insoluble ash left from these operations may be carefully dried 
and weighed, and then burnt to an ash. This ash, subtracted from 
the total weight, gives the percentage of albuminoids, while the 
ash from this operation, added to the amount of ash from the 
sugar residue, gives the total mineral constituents.** Thus, in 
this way, it is quite possible, with care, to make an accurate and 
satisfactory general analysis of milk by using only 10 cc. In 
practice, however, it is found far more convenient and accurate 
to take two or three separate portions for the analysis : for ex- 
ample, 10 cc. for the determination of ‘‘total solids” and ash \ 
and 25 cc. for the milk-fat. 

The foregoing is a brief sketch of the principles of the proxi- 
mate analysis of a sample of milk. It will be seen that % the 
simple use of heat, and the application of solvents, such as 
alcohol and ether, milk is divided into water, milk-fat, milk- 
sugar, albuminoids, and mineral matters. It is necessary now 
to consider more in detail the various processes which have been 
proposed for effecting, in the most accurate and expeditious 
manner, this division. 

B. Varums Methods Proposed for Extracting the Milh-FaJt. 

Solvents for Fat. — -The solvents for milk-fat are petroleum, 
ether, or bisulphide of carbon. Of these the latter is, all things 
considered, the most suitable, since it has no solvent action on 
the lactic acid. In quite fresh milks, however, the quantity of 
lactic acid is so small, that ether may be used. 25 to 50 cc. of 
milk are evaporated in a flat dish with constant stirring and 
breaking-up of the caseous films by a glass rod, until the whole 
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is reduced to a rather coarse granular powder. This powder may 
be transferred to any simple apparatus in use for the exhaustion 
of substances by volatile solvents ; as, for example, Soxhlet’s, 
described at page 67. 

(2.) Soxhlefa Process, — F. Soxhlet* is the author of a vciy 
ingenious process of milk analysis. This ])rocesB is based on the 
fact, that if a measured quantity of milk, alkalised by caustic 
potash, be shaken up with ether, the ether fully extracts the 
milk-fat, and, on standing, collects in a clear layer. A small, 
quite constant, proportion of ether remains in solution in the 
milk, without retaining any of the fat, and without afiecting the 
result. The amount of the fat dissolved in the ether may be 
determined by the specific gravity of the ether ; the higher the 
specific gravity the greater the ])roportion of milk-fat. The 
details of Soxhlet’s method are as follows : 

The apparatus figured 
(see fig. 26) is used. C is 
a measuring flask of 300 cc. 
capacity, provided with a 
doubly perforated cork, 
and connected, on the one 
hand, with the caoutchouc 
elasticbulbs figured , which 
arofurnished with suitable 
valves, and, on the other, 
with the tube D, w'hich 
is provided with a water- 
jacket. This tube carries 
an areometer, E, whicli 
bears a delicate scale of 
from -766 to -743, and it 
has also a thermometer, 
divided into thirds of a 
degree, 200 cc. of milk 
are measured by means 
of a pipette, and run into 
the flask ; 10 cc. of potash 
and 60 cc. of ether, which 
has been saturated with 
water at from to 

are tlien added, and 
the whole shaken up in Fig. 26. 

the properly closed flask 

for a quarter of an hour. The fluid is then allowed to repose until 
Zeitachrift der LandwiriluKh,‘V€r. Bayern, 1880. 
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the ether rises in a clear layer to the surface. By gently working 
the caoutchouc bulbs, a sufficient quantity of the fat-laden ether 
may now be blown \\^ into the tube D, to float the areometer. 
(It should be mentioned that the tube going through the perfo- 
rated cork of C, is so arranged as to dip well into the ether, but 
does not touch the surface of the milk.) The areometer must fleat 
freely, and for this purpose there are little prominences on the 
inside of D, about the middle, for the purpose of keeinng the 
instrument fi*om adhering to the side. Wlieu sufficient ether 
has thus been blown up, it is i*etained by a pinch-cock, and a 
cork is flitted into the tube D, to prevent loss by evaporation. 
The water in the jacket must be of any temperature between 
16®*5 and 18^*5. The specific gravity once in this way obtained, 
and the temperature of the areometer noted, the content in fat 
of the milk is determined by the annexed table. 

If the temperature is exactly 17°’5, then no correction is 
required; but if it is above that temperature, for every degree, 
A degree must be added to the gravity ; if below, for every 
degree, a degree must be subtracted. Thus, supposing the areo- 
meter marks 58-9 at 16"* *8, then, as the difference between 16°-8 
and I?®'® is -7, subtract *7 from 58*9, equalling 58*2 ; or if the 
observation be 47*6 at 18®*4, then tlie corrected value is 48*5 
(/.«., speciflc gravity *74850). 

Afterwards the ether is allowed to run back into the flask, 
and D is washed out with a little ether. The author thinks 
that the apparatus might bo improved by adapting the prin- 
ciples used in the tube figured at p. G9, and floating the other 
layer by means of mercury. 

(3.) Extraction hy Ether acting on Alkaline Milk . — The author 
has recently made some determinations of milk-fat by shaking 
up milk made very alkaline by soda, in a graduated tube 
like the one proposed at p. 69. By now expelling by means 
of the mercury reservoir a known bulk of the ether, and dry- 
ing it up, the fat is estimated with great rapidity. According to 
test-experiments the percentage of fat obtained is the same 
as that by exhaustion methods — to the first decimal place : hence, 
though not suitable for exact scientific inquiry, it will be found 
sufficiently accurate for all technical purposes. 


C. Various other Metfiods of Milk Analysis. 

§ 141, There are other methods of analysing milk : — 

(1.) Drying in a Vacuum . — The author finds that by putting 
5 cc. of milk in a small strong flask, and connecting this flask with 
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3*52 

j : 59*8 

; 4*15 ! 

! 64*4 

4‘85 

40 

2 40 

i 50*7 

2 97 

1 55*3 

1 3*53 

59*9 

i 4*10 . 

I 64 *5 

4-87 

401 

2-42 

1 50*8 

2*98 

: 55*4 

! 3*55 

; CO 

4*18 i 

64*6 

4*88 

40-2 

2*43 

; 50*9 

2*99 

;; 55*5 

3*56 

i: 00*1 

4*19 

64*7 

4-90 

40*3 

2*44 

1 51 

3*00 

!1 65 *0 

3*57 

: 60*2 

4*20 , 

i 64*8 

4-92 

40*4 

2 45 

: 51*1 

3*01 

l| 65 *; 

3*59 

00*3 

4 21 i 

04*9 

4-93 

40*5 

2*46 

i 51*2 

3*03 

ij 55*8 

3*00 

00*4 

4*23 i 

65 

4'95 

40*6 

2*47 

i 51*3 

3*04 

!i 55 9 

3*01 

60*5 

4*24 i 

65*1 

4-97 

46*7 

2 49 

! 51*4 

3*05 

; 50 

3*63 

• 60*0 

4*26 

65*2 

4’98 

40*8 

2*50 

51*5 

3*00 

! 50*1 

3*64 

1 60*7 

4*27 

65*3 

6 00 ' 

40*9 

2*51 

51 0 

3*08 

50*2 

3*65 

; 00*8 

4*29 

65 4 

6*02 

47 

2*52 

51*7 

3*09 

60 3 

3*67 

60*9 

4*30 

65*5 

6-04 

47 1 

2 54 

51 *8 

3*10 

50*4 

3*68 

1 61 

4*32 

65*6 

6-05 

47*2 

2-55 

51*9 

3*11 

565 

3*69 

j 01*1 

4*33 

65*7 

6-07 

47-3 

2-50 

52 

3*12 

50*6 

3*71 

1 01*2 

4*35 1 

i 658 

6-09 

47*4 

2*57 

52*1 

3*14 

50*7 

3*72 

61*3 

4*30 1 

65*9 

6-11 

47*6 

47*6 

2-58 

200 

52-2 

3*15 

60*8 

3*73 

61*4 

4 * 37 ; 

; 66 

5-12 


N.B.— The Dumbera in the specific gravity column correspond to those 
on the areometer scale, the number 7 being omitted on account of the 
narrowness of the stem of the instrument j thus 46 really means *7460) and 
so on with the rest. 



236 foods: their composition and analysis. [§ 141. 

a second containing strong sulphurio acid, and, lastly, attaching 
the two flasks to a Lane-Fox mercury pumj), the milk solids 
may be boiled, and the water expelled off at a temperature of 
about 40®. The solids are perfectly dry in about one hour and 
a quarter. It was noticed in some test-experiments that in all 
cases the dry solids obtained in this way were about *5 per cent, 
higher than the weight of dry solids in the water-bath — a proof 
that in all cases drying in the ordinary way entails loss. Afteu- 
the dry solids have been deprived of fat by ether or petroleum, 
the albumen and sugar may be dissolved out by cold water to 
which acetic acid has been added. On precipitation of the 
albumen by boiling, the latter may be collected on a weighed 
Alter, dried, and weighed. On evaporation of the filtrate, the 
soluble ash, the milk-sugar, and the bodies described at p, 242 
are left ; on ignition, the diflercnce of weight before and after 
gives very nearly the amount of sugar. Ijastly, the caseine and 
insoluble ash are obtained from the portion of original milk 
insoluble in cold water. 

(2.) Direct Determination of the Water . — In most analyses the 
water is inferred from the loss; it may, however, occasionally be 
necessary to estimate it directly. This can be readily done as 
follows : — 5 cc. of milk are placed in a small flask ; a piece of 
tubing is sealed at one end, and graduated into cc.’s ; it will 
only be necessary to mark it at 4*5 and at 5*5, graduating 
it, between these numbers, into lOths. The tube is now bent 
twice at right angles, and connected by a caoutchouc cork to the 
flask ; another narrow tube goes to the mercury pump ; the 
flask is now exhausted of air; and by applying a flame to the 
connecting tube, the tube is drawn out and sealed. By now 
plunging the limb of the graduated sealed tube into ice and salt, 
and gently warming the flask, the milk boils, the water is all 
condensed in the limb, and the amount can be seen by siinj>le 
inspection. A somewhat similar method of analysing milk, by a 
special apparatus, has been recently patented in Germany, by J. 
Petri and R. Muencke.* 

{i,) Absorption of Water by Dehydrating Agents . — Another 
metiiod for tlie general analysis of milk consists in adding an 
excess of anhydrous gypsum to the milk, which very rapidly 
extracts the water ,* the {K>wder can then be exhausted by ether, 
and the fat estimated, while, similarly, the sugar may be dis- 
solved out by alcohol. This method for the purpose of estimation 
of fat and sugar is most decidedly rapid and convenient. 

(4.) RUthauseri s Copper Process . — Kitthausenf dilutes milk to 

* DetUeehe. Patentschri/t, No. 74717. 

+ *‘Neue-Methodezur Analyse der Milch,” and Ueber ein vom Milch- 
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twenty times its volume, and adds a solution of copper acetate, 
10 cc. = *0095 CuO [or copper sulphate, 10 cc. = *2 CuO]. A 
sufficient solution of KHO or NaHO must also be added, to 
prevent the separation of basic salt. On filtration, a filtrate 
separates containing no copper; and may be used for the estiiiia- 
tion of sugar by Fehling’s solution ; the precipitate is dried and 
exhausted of fat, and ultimately ignited. This metliod has not 
come into general use, and is, on the whole, not to be recom- 
mended. 

(5.) MuIUt^s Process. — Alexander Mliller* is the author of a 
method of milk analysis which is ingenious, but it is difficult to 
see in what way it is superior to other processes more used, either 
in precision or accuracy. He uses small flasks, the weight of 
which must not exceed 25 grms., which will hold when full 
about GO to 65 cc. In one of these small flasks 6 cc. of the milk 
are put and weighed ; exactly 50 cc. of a mixture of 1 volume 
absolute alcohol and 3 volumes ether are now added, with special 
precautions to prevent loss by evaporation. The solvent is 
allowed to act for twenty -four hours. The precipitate by this 
time has separated completely, and it is possible to isolate the 
alcohol-ether contents without filtration. The next process is 
to obtain exactly 50 cc. of the liquid without loss and without 
the precipitate. This is effected by connecting the digestion 
flask by means of a bent tube with a flask which is marked for 
50 cc. on the neck. This last flask has a double bored cork, one 
carrying the connecting tube, the other a tube for the purposes 
of suction j and the ether-alcohol is carefully sucked over to 
the mark, gently inclining the digestion flask, <kc. Lest the 
incoming air should carry away any of the alcohol-ether, it (the 
air) is made to pass first through a few cc. of ether in a third 
flask. TJie 50 cc. are evaporated to dryness, and contain fat, 
with a little milk-sugar and a little common salt. For technical 
purposes, a coiTcction constant is made for these impurities of 
about one-quarter per cent.; while for scientific purposes, the 
fat is taken up again by means of petroleum ether. The 
residue in the digestion flask contains nearly all the milk-sugar, 
the mineral constituents, and the albuminoids; it is dried and 
' weighed in the usual way. The fat from the one flask and the 
solids from the other, when added together, equal the total solids. 
Muller calculates the caseine by determining the nitrogen, and 
obtains the ash by acidulating 6 cc. with a little nitric acid, 

Zucker veraohiedenes Kohlenhydrate in der Kuhmilch/’ von H. Bitthaiuieii, 
Journal fUr Prak. Ghemie^ 15, p. 329, 1877. 

* JSeUsckrjft/Ur AnalyUache CAmie, xx. 189. " 
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heating slowly^ with a heat that is gradually increased from 
gentle warmth up to redness.* 

(6.) Ctewsw&er and A. Mayer^a Process. — An indirect method 

estitnating milk-fat has been pix»posed by F. Clausnizer and 
A Mayer.t They assume that every percentage of milk solids 
not fat" raises the specific gravity '00376, whilst every 1 .per 
cent, of fat lowers the specific gravity *0010 ; by therefore first 
making an accurate determination of the specific gravity, and then 
drying the solids, the amount of fat can be known by using the 
following formula — 


then 

therefore 

therefore 


a;=£Eit, 

«= specific gravity, 
total solids, 

1 + W-a) 0 00375-«=a? .0-0010; 

l+< 0 00375 -d=a;. -00475 

t, *00,375 + 1 -s 
*00475 


For the sake of expedition they only evapwate -6 cc, of milk. 


Summary of the Processes for the Technical A ncdysis of Milk 
already described. 

What particular procedure an analyst may select to obtain 
a knowledge of the general composition of milk, will mainly 
depend upon the purposes for which the analysis is required. 
W'here a large number of milks are analysed daily, there is 
scarcely any more convenient and trustworthy method than to 
have one or two dozen little platinum dishes (Wanklyn’s) fitted 
into a suitable water-bath, and take the “ total solids " and ash 
these dishes, while the fat is extracted from another portion 
Vy<^hon disulphide in a Soxhlet’s apparatus, of which half a 
dozen or more, with attached condenser, should under such 
circumstances be fitted up permanently. On the other hand, 
special circumstances may arise rendering some of the newer pro^ 

* It ia necessary to observe that in extracting the fatty constituents by 
this ether process, when 50 cc. of ether-alcohol are added to G cc. of milk, 
thee, volume is not 56 cc., hut 54*3 cc.; therefore, the weighed fat must 
be multiplied by in order to obtain the quantity of matters dissolved 
from 6 cc. 

t F. Clausnizer and Adolf Mayer. Forschungen aif dem Oebkte der 
. Vkhhaltung in ihrer Erzeugnisse^ 1879, 265. 
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cesses enumerated at pp. 234>238 more suitable. lf» for example^ 
there should be a dispute about the actual amount of water 
in a certain milk, it will be more satisfactory to estimate the 
water by distilling it over in a vacuum, than to determine 
it solely by the loss. 

Again, if it should be desired to gain rapidly some approxi- 
mate idea of the quantity of fat and total solids in milk, a 
careful determination of the specific gravity, and determination of 
the fat by some of the processes at pp. 233, 234, have no small 
advantages where time is an object. The analyst has, indeed, a 
great variety of processes to choose from ; those detailed may 
be modified in many ways ; they cannot be pronounced of equal 
value or of equal accuracy ; but each possesses certain advantages 
and certain claims — in this, as in most other things, the fittest 
survives,” and is adopted. 


III. Special Details as to the More Exhaustive and 
Scientific Analysis of Milk. 

§ 142. (1.) Analysis of the Milk-Fat and Examination of the 
Ethereal Extract of Milk, — The milk-fat is seldom analysed, save 
when met with in commerce as butter. Yet, in the complete 
examination of milks suspected to be abnormal, it is of some 
importance to examine the ethereal extract as thoroughly as 
possible. The ethereal extract should be tested for nitrogenous 
substances, for phosphorous compounds, and for cholesterine, 
and finally saponified, and the volatile acids at least estimated. 
Nitrogenous matters may be assumed to be absent if, on boiling 
the fat with a strong alkaline lye (proved to be ammonia-free) 
and distilling, an alkaline distillate is not obtained. 

Phosphorus may be tested for^ by burning up the fat 
intimately mixed with a mixture of carbonate and nitrate 
of soda, dissolving the ash, acidifying with nitric acid, and 
testing with molybdate of ammonia. Any precipitate which 
occurs is allowed to stand for twelve hours, and is then filter^ 
off, dissolved in dilute ammonia, and precipitated by the ordinary 
magnesia mixture. Thus, the experiment may be made quantita- 
tive as well as qualitative, for the ammonio- magnesia phosphate 
may be dried, ignited, and weighed. The further analysis of 
the milk-fat is described in the article on Butter.” 

Choleaterine — Cholesterine is found in many fluids of the 
body, and is a constant constituent of pus. It is occasionally 
present in milk. Cholesterine, if present in milk, will be found 
in the ether extract. The ether having been distilled off, the 
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fatty residue is dissolved and saponified in boiling alcoholic 
potash, the alcohol is evaporated from the soap, and to the 
residue a little water is added, and then the fluid shaken up 
with ether, which will not dissolve the soap, but will take up 
any cholesterine that may be present. The ether is carefully 
removed by a pipette, and any residue found on evaporating 
repeatedly crystallised from a mixture of alcohol and ether. 
Pure cholesterine appears under the microscope as thin rhombic 
plates, melting point about 145®, but should it be impure the 
melting point is lower than this. It is insoluble in water, in 
concentrated alkaline solutions, and in dilute acids. A drop of 
concentrated sulphuric acid, added to a crystal with a very 
little iodine, causes a play of colours, passing from violet-blue 
into green, and lastly red. * 

§ 143. (2.) Extraction of the Milk-Sugar , — The milk solids 
freed from fat are first treated with strong alcohol, which 
renders the albumen insoluble, then a little water is added, and 
the liquid, now in eflect weak alcohol, boiled for a few minutes. 
This is filtered, and the process repeated three times. If 10 
to 20 cc. of milk is the quantity originally used, then the total 
filtrate should be at least 70 to 100 cc. This is now evaporated 
to dryness on the water bath, weighed, and finally ignited. The 
loss on ignition represents the milk-sugar contaminated with 
galactine, some lactochrome, and the substances precipitated by 
tannin. The solvent processes given are sufficient for most 
purposes ; but when scientific accuracy is required, it is best to 
estimate by copper suboxide. Thus, 25 cc. of milk are diluted 
with 400 ca water, and then, to get rid of the fat and albuminoids, 
treated with 10 cc. of a solution of copper sulphate (strength 
69*28 crystallised CuSO^ per litre); 6*5 to 7 ’5 cc. of a solution of 
potash is added (the solution must be so proportional in strength 
that 1 vol. of the alkaline solution will exactly j)recipitate 1 vol. 
of the copper solution). After this addition the fluid must 
still have an acid reaction, and hold some copper in solution. 
The liquid is made up to 500 cc., and filtered ; 100 cc. of the 
liquid, the strength of which ,is about one-fourth per cent, is 
boiled with 50 ca of Fehling's solution. After six minutes the 
solution is filtered through an asbestos filter, and the copper 
oxide reduced to metallic copper in a stream of hydrogen. The 
following table is used to correct the erroi’s arising from different 
concentratioDS of the solutions. For example, if the copper 
weighs 240 mgrms., the true weight of the sugar is calculated 
from the number nearest to 240 in the table^viz., 237*5, and 
so on : — 
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TABLE XV. 


Weight of Copper. 

Milk-sttgar. 

100 perts of Milk-sngar. 
Precipitate of Copper 
Oxide. 

Beductioa Batio. 

Mgrms. 

3927 

Mgrms. 

300 

130-9 

1 : 7-43 

363-6 

275 

1322 

1: 7 *50 

333-0 

250 

133-2 

1 : 7 -56 

300-8 

225 

1337 

1 : 7 -69 

269*6 

200 

134-8 

1 : 7 -65 

237-6 

175 

1357 

1 : 7 -70 

204-0 

150 

136-0 

1 ; 7 72 

171-4 

125 

137-1 

1 : 7-78 

138-3 

100 

138*3 

i 

1:7-85 


§ 144. (3.) The Ash , — The ash is estimated in a quantity of 
milk, which should not exceed 25 cc. It will be found that 
larger quantities do not at all conduce to accuracy, as the large 
amount of carbon, with even great care, develops too much heat, 
and the phosphates are liable to fuse, enclosing little particles 
of charcoal extremely difficult to burn. With small quantities, 
however, the milk rapidly burns to an almost white ash. It 
may be further analysed on the principles laid down at p. 97. 

§ 145. (4.) Estirnatimi of Albumen . — This is most rapidly done 
when the milk solids are dried in a vacuum, as described at 
p. 234, then the albumen may be dissolved out by the aid of 
cold water, acidulated by acetic acid. If this process is not 
adopted, the following may bo used: — 100 cc. of milk are divided 
into three equal portions. One of these portions is diluted to 
about four times its volume, and aciditiod with dilute acetic acid 
until the caseine coagulates in a flocculent condition \ a current 
of carbon dioxide is now passed through, and the precipitate 
allowed to subside. The whey is then carefully syphoned off on 
to the second portion of the milk ; more acid, if necessaiy, is 
added ; the same operation repeated ; and this second whey 
similarly added to the third portion of milk. Finally, the whole 
of the caseine is collected on a filter, and washed. The result of 
the process is, that the albumen from 100 cc. of milk is held 
in solution in about 250 to 300 cc. This solution is now raised 
to the boiling point, and gently boiled for a few minutes. The 
whole of the albumen falls down, and is easily collected on a 
previously dried and weighed filter. This easy separation of the; 
casmne and albumen by acetic acid and carbon dioxide only 
applies to the milk of the cud-chewers ; with human mUk, 
milk of the horse or of the ass, the process gives no good r^tilt ; 
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when treated in the same way, it is true that the caseine 
appears to coagulate, but it is in a state of such 6ne division that 
nearly all of it remains suspended in the liquid, and filtration 
through paper becomes impossible. From all these a clear 
filtrate may, however, be obtained by filtration under pressure 
through a porous cell. The method for this purpose used by the 
author is to take an ordinary cylindrical, porous earthenware 
cell, such as are sold for galvanic batteries ; to stopper it with an 
accurately- fitting caoutcliouc plug, perforated in the centre; and 
then, by means of an angle tube and caoutchouc-pressure tubing, 
to attach it to the mercury pump. The milk is diluted, acidified 
with acetic acid, and saturated with carbon dioxide as before; 
the cell is then totally immersed in the dilute acid milk, which 
for this purpose is placed in a tall beaker; a good vacuum is 
maintained, and ultimately the whole of the whey passes through, 
and the caseine may be washed two or three times with water. 
Besides this very convenient method, there are many substances 
which will carry down the precipitated caseine mechanically; 
thus, the author has found that a solution of phos[)hate of lime in 
acetic acid may be added' to the acid milk; when, on cautiously 
neutralising with ammonia, the earthy precipitate clears the 
liquid by its mechanical action. 

§146. (5.) holcUion of Galactine , — A litre of milk is the smallest 
quantity which can be taken for the isolation of galactine. As in 
the previous operation, 100 cc. of milk are greatly diluted, the 
caseine coagulated, and the whey separated by subsidence. This 
whey is used for tJie precipitation of a second jmrtion, and the 
same whey from the second portion for the piecipitation of a 
third, aod so on. By this means it is possible to obtain the 
whey from a litre of milk in a form not too dilute. The albumen 
may be separated from time to time in the different fractions, or 
in one concluding operation ; lastly, the caseine must be collected 
and well boiled, and the liquid separated from it by filtration and 
strong pressure. A solution of nitrate of mercury is now added, 
and decomposed by hydrogen sulphide, and the filtrate pre- 
cipitated by lead acetate. The amount of galactine may be 
estimated from the weight of the lead oxide left on ignition of 
the lead compound, for it will be found that the complete drying 
of the lead-galactine is tedious. 

§ 147. (6.) Isolation of the Prindplee Precipitated by Tannin , — 
The whey, now freed from caseine, albumen, galactine, and 
colouring-matter, but containing mercury nitrate, must be made 
alkaline, the precipitate filtered off, the liquid saturated with 
hydrogen sulphide, any precipitate again filtered off, the liquid 
concentrate to a small bulk and completely precipitated with 
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tannin. The tannin precipitate is decomposed as before described, 
p. 213. 

§ 148. (7.) Eatimaiion of Urea. — ^The estimation of urea is of 
some importance, since any disorder interfering with the action 
of the kidneys throws (as has been well asceilained) an excess of 
urek on all the secretions of the Vjody. A known quantity of 
milk, which should not bo less than half a litre, is evaporated with 
constant stirring in very largo flat dishes to a granular condition. 
The fat is next extracted by dry ether, and liom the fat-free 
solids the urea is extracted with other substances by boiling 
alcohol. The alcoholic solution is evaporated to dryness ; and 
from this dry residue absolute alcohol will extract the urea nearly 
pure. A litre of milk in its normal state yields about 10 mgrms. 
Urea must bo identitie<l by its properties as follows : — 

It is crystalline, crystallising in quadratic prisms, and polar- 
ising with a gentle blue colour undcu' the microscope. The crystals 
should be heated wdth a little ]iydrat(3 of baryta in a closed tube 
to 200^* for some hours, wlien a very definite reaction ensues, 
ammonia and carbon dioxide being produced. Tlie liquid may 
be distilled, and ammonia identified by the Nessler test. Car- 
bonate of baryta will appear as a precipitate, and may be readily 
examined, converted into sulphate, and weighed ; 1 part of 
barium sulphate -= •2o74 urea. A convenient metlioil of identify- 
ing urea is also to dissolve the crystals in the smallest possible 
quantity of water, and then to add a dro]> of dilute nitric acid ; 
the nitrate of urea is precipitated, and can be identified by 
its microsco])ic characters. J^itrate of urea crystallises on the 
rhombic system. The most common appearance is that of large 
plates, many of w^hich lie one upon the other. 

§ 149, (8.) Estimation of AicohoL — A litre of milk, which, if 
acid, must be neutralised, is placed in a specially constructed, 
non-tubulated, very capacious retort, jirovided with a tube a 
metre in length. .This tube is surround(?d by a water jacket, 
through which a continuous stream of cold water runs. The 
retort tube is pushed through a strong india-rubber stopper, 
and connected with a small flask holding aViuut 200 cc., and 
immersed in ice and salt. The india-rubber stopper, by the 
aid of a second perforation, carries a piece of angle tubing, 
by which it may bo connected with the mercury pump (fig. 
7), or, where available, with the ordinary water pump so 
comtQon in laboratories. The milk is now cautiously raised 
to the boiling point, and 100 to 150 ca distilled over. This 
distillate is redistilled, in the ordinary way, about one-third. 
All * the alcohol is now in a very small compass, and the 
distillate should be placed in a strong assay flask, and oxi- 
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dised to acetic acid by heating in a water-bath with from 30 
to 70 cc. of an oxidising solution of bichromate of potash and 
sulphuric acid.* The excess of bichromate is reduced by zinc, 
some phosphoric acid added, and the acetic acid distilled off by 
heating the flask (previously attached to an efficient condenser) 
over a spermaceti bath. On distilling in this way about tKree 
times to dryness, each time adding water, the whole of the acetic 
acid is obtained in the distillate, and may be determined by 
titration witli a volumetric solution of soda. The amount of 
alcohol to which the acetic acid found is equal may be calculated 
by the aid of tlie following table ; 


Acetic Add. 

1 . 

% 

3, 

4 . 

5, 

6 . 

7. 

8 . 

9. 

10 , 


Alcohol. 

*7006 
1 ‘ 58:<2 
2‘2908 
3*0004 
3 8330 
4*5996 
5-3002 
61328 
6*8994 
7 *6600 


The amount of alcohol is seldom of any great importance, and 
may be considered only of pure scientific interest. 

§ 150. (9.) Volatile Volatile acids may be separated in 

exactly the same way — viz , by careful distillation in a vacuum, 
first acidifying tire milk by tartaric acid. Acetic acid in small 
quantities is invariably jiresent in fermented milks; but the dis- 
tillate of noroial, quite fresh milk is neutral. In milks already 
underg^ving decomposition, it is best to dilute the milk slightly, 
and filter through an earthenware cell, and then distil. Under 
these circumstances, it is not necessary to distil in vaniw. 

§ 151. (10.) Estimation of the Total Acidity of At ilk — Estima- 
Hon ofLaetic A cid. — The total acidity of milk is most conveniently 
estimated by adding 14 grins, of chloride of sodium to 30 cc, of 
milk. The caseiue coagulates in a few minutes, and the liquid 
may be diluted, and a fractional portion filtered off, coloured by 
litmus or any convenient indicator, and titrated in the usual 
way.t 

Estimation of Lactic Acid. — It is of great importance to make 
an accurate estimation of lactic acid in milk. A metliod, accurate 
enough for technical purposes, consists in thorou^ly exhausting 

gnus, bichromate of jiotash: 220 grms. of sulphutio odd made up 
to 1400 cc. with water. ^ 

A pratico per tletermioare il grade di aoidita del Utte/* 

A. Faven, ed. Botondi Oaaetta Ckhmea Jtaaana, voL iy., 1S74, p 194. 
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the milk of fat and lactic acid bj ether^ then taking another 
portion and exhausting it by carbon disulphide, when the 
difference between the two determinations represents the lactic 
acid. A more accurate method is as follows : — The milk is dried, 
exhausted of fat by carbon disulphide, then treated with an alco- 
holic solution of oxalic acid, filtered, and an excess of hydrated 
oxide of lead added. Any lactic acid now contained in the fluid 
will be present in solution as a lactate of lead. Hydrogen sul- 
phide is next passed to saturation into the liquid, which is then 
filtered, concentrated by evaporation, and boiled with oxide of 
zinc ; on filtration, evaj»oration, and standing, crystals of lactate 
of zinc are produced. There are four isomeric lactic acids ; that 
which is obtained from milk is fennentation lactic acid, also 
termed “ ethylene lactic acid.’* The zinc salt has the composK 
tion 2(C3 Hj^ 03 )Zu - f ^HoO. It crystallises in four-sided prisms; 
it is soluble in 6 parts of boiling, 58 of cold water. It is nearly 
insoluble in hot or cold alcoliol. 100 parts of the salt contain 
25*8 of zinc oxide. Lactic acid itself may be obtained in a very 
pure state by decomposing the zinc-salt w’ith hydrogen sulphide, 
when the acid presents itself as a colourless, strongly acid liquid. 
A drop of this acid, placed in the author’s subliming cell (described 
in tlie second volume of this w'ork), and heated very gradually 
above 200°, gives a white sublimate of lactide, C3H4O2, a very 
characteristic reaction. If the heat is not gradual, this sublimate 
is not obtained, for it then decomposes into carbon dioxide and 
aldehyde. 

§ 162. (11.) Detection of MetaU in ’Milk , — The detection of the 
minute quantities of heavy metals which may occur in milk in 
cases, where, for the purpose of experiment, salts of the metals 
have been administered to animals or w’omen, is best conducted 
by electrolysis, supplemented by the spectroscope. One of the 
best ways to do this is the method proposed by Dr. Reynolds.* 
Four to six rather stout platinum wires, half an inch in length, 
are made into a bundle by binding with thin platinum wire, and 
secured by cotton wool into the throat of the stem of a funnel so 
tightly, that water placed in the funnel filters through in single 
drops. The milk, previously acidified with nitric acid, and 
filtered, is placed in the funnel, and a platinum wire, connected 
with one pole of a battery, inserted in the funnel, so as to be 
about half an inch distant from the bundle of wire. This bundle 
is connected •with the zinc terminal of the battery — a single 
Grove’s cell is sufficient — and the current is allowed to pass until 
the whole has filtered through. A very decided metallic deposit 

* Itieh Hoepital 1873. See also ** The Spectroscope in M^cine,^’ 

by C. A Madaumn, RA., M.D. JbdJidon, 1880. 
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may be recognised^ and examined by ordinary analysis ; but should 
the deposit be scanty or indistinct, two of the short wires are 
connected with a RuhmkoflTs coil attaclied to a sufficiently 
powerful battery. The wires are so adjusted opposite each 
other as to leave a very short interval between their points, and 
the succession of sparks allowed to stream between theni^^ia 
observed by the spectroscope. In this way the spark spectra 
of the metals arsenic, antimony, mercury, copper, and lead, are 
easily obtained, and may be identified.* 


THE mLK SECRETED BY THE UNHEA.LTHY. 

§ 153. The author has devoted considerable time to the 
inquiry, — is it possible, by scientific examination, to discover 
vrhether a particular sample of milk has been derived from the 
healthy or from the unhealthy ? The result of the analyses and 
cases shortly to be quoted shows, — ^1.) That in the case of the 
cow, in certain diseases only, the milk constantly deviates from the 
normal standard; (2.) that the most marked changes are found 
in local diseases of the udder or mammary glunds ; (3.) that the 
animal may be labouring under a most mortal and virulent 
malady, and yet secrete milk which, although ditlering from the 
same milk secreted by the same animal when in health, yet, 
considered in itself, in no way chemically differs from healthy 
milk ; (4.) that it is only by biological methods of experiment 
that such diseased milk can be detected. These remarks apply 
only to tlie composition of the milk ; but if we also regard the 
quantity secreted, then there is in all cases a remarkable differ- 
ence, for whenever an animal suffers from a sufficient amount 
of disease to affect its health materially, the diminution in the 
total quantity of milk is almost invariable. 

I. Human Milk. 

§ 154. With regard to the milk secreted by women in various maladies, 
the sapae remarks apfily only to a certain extent ; for the hunian manmary 
secretion is so dependent on mental infiuenoes, that its composition aj>pear8 
readily affected. Vogel gives the following analysis of milk derived from a 
wom^ auffering from hysteria, the sample being taken directly after the 
attack— 

* ^Ay be made to Boisl^audran's ‘ ‘ Spectres Lumineax. ” Paris, 

io74. A simple method of obtaining the wave length value of any spectro- 
scope scale has been already given in &e article on the **8peotro80ope’^in the 
present voiume, p. 77 etseq. 
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Milk-fist, 

Per oent. 
•614 

Caseine, 

6*000 

Sumr, 

3-492 

Ash, • . • . « . 

1*010 

Water, 

89*984 

Specific gravity, .... 

1032 


Deveuz* fbund the milk of a woman who snifered from nervous attacks, 
when taken in the seizure, to he a transparent viscid secretion like albumen. 
J. F. Simoof examined the milk of a woman who was suffering from 
effects of passion. The secretion was apparently the cause of violent con- 
vulsions and diarrhoea iu an infant. The milk was acid, and had acquired a 
peculiar odour, and after a little time developed hydrogen sulphide ; or, in 
other words, the milk had commenced to undergo lactic acid and putrefactive 
changes in the breast itself. Local affections of the breast, as might be 
anticipated, interfere with the healthy action of the milk- producing cells. 
For example, Schlossbcrgcr gives the following as the composition of a sample 
of milk taken from a woman whose breast was considerably enlarged ; the 
duid was white and thick, and without odour, specific gravity, to ‘99 
at 15*: — 

Per cent. 

Fatty matter, 8*54 

Lactine and extractives, .... *75 

Caaeine, ....... 8‘74 

Ash, ‘41 

The fat fused at 33^ and solidified at 26^. 


II. Cows* Milk. 

§ 166, Aphthous Femr , — One of the few affections in which it 
is possible for the investigator to discover an abnormal condition 
of the milk, and even from the appearance of the fluid to know 
what particular malady the cow' is suifering from, is foot-and- 
mouth disease^^ or aphthous fevers This is a febrile, highly 
infectious disease, which has caused of late great ravages among 
our herds ; its most obvious signs are ulcers on the mouth, feet, 
and teats. Unless tlie fever is high, the milk is secreted during 
the whole course of the disease. It presents different (one might 
almost say, opposite) appearances in ditfereut cases ; in those 
where there are ulcers on the teat, either externally or just 
inside, the pus from these ulcers mixes with the milk, and the 
analyst finds a high fiitty residue, from which cholesterine, nuclein, 
lecithin, and milk-fat may be separated. If, on the contrary, 
there are no ulcers and no local aifection of the udder, the milk 
iu the more severe cases may bo deficient in solids, and especially 
in mUk-fat ; nor does it recover its normal composition until about 

* CrdVs Ckemische Annalm^ vol. 1, p. 369. 

t J. F. Simonas ** Animal Chemistry,*' Syd, Soo., 11, 68. 
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the seventh imd eighth days, when the cow begins to improve. The 
author discovered, in 1876, some peculiar appearances m aphthous 
milk, an observation since amply conhrmed by others. Such 
milk, observed on the firat day by the microscope, presents no 
remarkable peculiarity ; but, on the third day, elongated, highly 
flattened, highly refractive bodies, ranging in length from l*-80Qth 
to 1-lOOOth of an inch, make their appearance. In some there 
are at intervals divisions. The chemical composition appears 
from microscopic reactions to be of an albuminous nature. By 
the fourth day they are fewer and laiger, and in the later stages 
they are no longer seen. If the local affection is at all severe, 
blood-cells, and occasionally a considerable quantity of blood, may 
be found in such milk. 

Mammitis. — This disease, as its name implies, signifies an acute 
inflammation of the mamma}. Theoretically, milk secreted by an 
inflamed organ should be altered much in quality ; but, in the 
case of a heifer suffering from this disease, milk taken the second 
day after calving did not appear to differ essentially, either in 
microscopical appearances or in chemical composition, from normal 
milk. Its specific gravity was 1*0362, and the composition of the 
solids in 100 parts was as follows : — 


Milk-fat, 2-800 

Caseiae, 4*025 

Albumen, *560 

Milk-sngar, 5*541 

Nitrate of mercury precipitate dried at 100®, 1 *68 

Ash, *920 

Chloride of sodium in ash, • • . • *110 


Puriurient Apoplexy, — A Cow oufferingfrom Po^turimt Apoplexy ; 
Pttlse ImpercepilhU ; Temperature 99® *4. Third day after 
Calving. 

Specific gravity, 1*037. Reaction feebly alkaline. 


• - InlOOcc. 

Milk-fet, . . . . . . . 3*760 

Caserne, 4*025 

Albumen, ....... M46 

(Weight of mercury precipitate, . . . r38)* 

Aab, 0-930 

NaCl in ash, 0T02 


Urea was absent ; there was much laotochrome. No abnormal 
elements detected by a microscopical examination. 

* At the time of the analysis the conqMund nature of the meiciiry pre- 
cipiliate was not known. ^ 
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Th» Milk of a Covo 9^ffMng from Pimmonia fcwrUm day$ 
after Calving, Pulse 82, Temperatv/re 102*-4. 

Specific gravity, 1*0297. 

In 100 ec. 


Milk.fat, . . * 2^ 

Oholesterine 0*580 

Caseine 3*860 

^ilk'Bugar, 3*880 

Albumen 0*430 

Galactine, . 0*090 

Urea, 0*005 

Ash, 0*800 

NaCl in ash, 0*488 


This is the only milk in which the writer found an estimable 
quantity of cholesterine. The microscopical results were negative. 


Engorgement of Rumen and Congested Liver, Pulse 68, 
Temperature 101“. 


Specific gravity, 1*032. 

Milk*fat, . 
Caseine, 
Albumen, • 
Milk-sugar, 
Galactine, . 
Ash, • 

NaOl in ash, 


In 100 parts 
by weiahL 

6*057 
4*796 
1*067 
4*497 
0 113 
0670 
0*092 


The milk appears simply concentrated. 


Phthi$is,^^A C<m,fiveyearsoldyWith Extensive Tubercular Deposit 
in Right Lung, The Dam was also Scjvfulous, 


Specific gravity, . 

Dec, 7, 187a 

1 0297 

Peb. 1879. 

1*0340 

Milk-fat, 

In loo cc. 
2*77 

In 100 00 . 
3*83 

Caseine, 

3*650 

6*4 

Albumen, . 

0*867 

0*365 

Milk-sugar, . 

2*824 

3*34 

Galactine, . 

, . ? 

?* 

AkSh, • • • 

0*866 

0*770 

NaCI in ash, 

. . 0*096 

0*15 


A careful microscopical examination could detect no abnonnal 
elements. 

* The detersDinations of galactbe were made on so small a quantity as not 
to be reliable, but this is certain that the galactine was beyond the aven^. 
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PtUhisU. — A Coto^ two years cid^ in an advarwed stage of Phthisis. 



Jan. 29. 

Peb. 17. 

Specific gravity, . 

1*03*29 

In 1<V» cc. 

1*0335 
In lOOoc. 

Milk-fat, . 

2:599 

3*280 

Caseine, 

3*000 

3980 

Galactine, . 

? 

0 250 

Milk-sugar, . 

2*888 

4*100 

Ash, . • • 

0*910 

0*780 

NaCl in ash. 

0*10 

015 


The entire amount the cow yielded in January was 1 gallon ; 
the amount sent for analysis was a fractional part of the whole. 

A Sample of Milk drawn f rom an Udder actually Infiliraicd 
with Tubercular Deposit 

Specific gravity, 1*018. 

® In 100 parts 

by 


Water, 94*640 

Caaeine, 1*210 

Ahmmcn, 2*387 

Milk-su(;ar, 0*470 

MilkJat, 0*490 

Alkaloids, absent 

Urea, 0*039 

Ash 0*764 

NaCl in ash, 0*430 

Nitric acid in combination, . . . 0*018 


The whole quantity of the fluid did not exceed 70 cc. It was 
of a dir^y amber colour, \vith the casciiie partially separating. 
A microscopical examination showed very few fat globules, and 
the following abnormal elements: — 

1. Clusters of oval or round granular cells, for the most part 
*0005 inch in diameter, with a well-marked oval nucleus. 

2. Granular masses, irregular in shape, varying in size from 
about 0*0006 inclj to ten or twelve times tliat size. 

3. Granular rounded bodies, stained brilliantly by magenta or 
carmine. 

This, then, is phthisical milk in its most intense form, and one 
never likely to be found in cornmorco, but admixture of such a 
fluid with genuine milk is possible. 

It is essentially an albuminous serum, containing urea, small 
quantities of nitrates, common salt, and just sufficient caseine and 
milk-sugar to show its origin from a much diseased milk-gland. 
The absence of galacbine is noteworthy. 
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Local Affection of the Udder. — MWe from a Heifer two days afiar 
calving^ suffering from Retention of Foetal Membrane^ a portion 
of the Udder much ir^amed. 

The milk 'was pink in colour, and contained about a Wentietli 
of its bulk in blood ; it was perfectly fresh when examined, but 
rapidly putrefied. The blood was separated by subsidence as 
much as possible. The reaction was feebly acid : — 

Specific gravity 1 *0313. 

In 100 C.O. 


Milk-fat, 4*40 

Oaseine and milk-sugar, . . 0*81 

Albumen, 0 62 

Galactine, 0*269 

Asb, 1-16 


§ 166. Typhus . — The milk of cows suffeHng from typhus has 
been analysed by Husson,* who states that from the commence- 
ment of the maladj% the azotiaed principles augment, and that 
there are often found bloody and purulent fluids admixed. The 
following is an average sample of milk from cows sulFering from 
a not too severe form of typhus : — 


Fat, « • • • • 


1*493 

Milk-siigar, .... 


3*140 

Albumen, .... 


2(KK) 

Salts, 

. 

1 850 


§ 157. The Propagation of Disease through Milk . — Modern 
researches on zymotic diseases have for long been converging to 
the one conclusion, that these diseases are all ]>roduced by germs, 
the life-history of wliich is analogous to that of bacteria; and that, 
consequently, such dist‘ases are only special forms of fermentation 
or putrejfaction in living tissues, the disease-zymads growing and 
multiplying at the expense of the tissues. 

Now, if the coui}JOsition of milk and of the tissues be com- 
pared, it will be seen that milk, although physiciilly a fluid, yet 
resembles in its chejuistry a tissue, and contains all that is neces- 
sary for the nourisliment and growth of a zymad. Hence it is, 
that if a scarlet-fever zymad, or a typhoid zymad, fall into milk, 
for all practical purj>ose3 it is immersed in a tissue ; and there 
are plausible gi'ounds for believing that, if the conditions of the 
temperature are favourable, the zymad may increase and multiply 
in the fluid. However this may be, milk certainly possesses no 
destroying power over these disease-germs or zymads; and there 

* Comptes Rendm^ t 73, 1871, p. 1339. 
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are on record a number of well-authenticated outbreaks of typhoid 
fever, of diphtheria, and of scarlet fever, in which no reasonable 
doubt exists as to the milk having played the part of an infected 
garment, and conveyed the disease. The exact way in which the 
poison gained access to the milk in these various cases has not 
always been clear ; but we may presume that adulteration witti 
specifically tainted water, the handling of dairy utensils by per- 
sons whose hands have been soiled with the discharges of the 
sick, the dropping of epithelial scales into the milk-cans in the 
course of transmission, arh all possibilities, and all likely to have 
the effect of tainting the milk. It will be unnecessary to go 
further into this well-worn topic, full details of which are to be 
found in the annual reports of the Local Government Board and 
elsewhere. We therefore pass on to a subject upon which less is 
known, and upon which there may be considerable diversity of 
opinion — viz., the spread of consumption through milk. 

The question as to whether this actually occurs or not, hinges 
upon another very debatable point, and one on which the leading 
pathologists are by no means agreed — viz., is tuberculosis infec- 
tious, or is it not ? further, is it possible to propagate tubercle 
through specifically-infected food or drink, or is it not 1 If th(? 
possibility of transmission of tubercle by infected food is proved, 
then it is scarcely possible to deny that tuberculosis may hk^ 
caused by specifically-tainted milk. Villenin* was one of the 
first to attempt to ascertain, by direct experiment, whether 
tubercle was transmissible or not. He inoculated the rabbit, 
the sheep, the dog, and the cat with human tuberculous matter, 
always in very small quantities, with more or less success. The 
experiments of Villenin were re[>eated, with infinite variation, 
by most of the leading pathologists of Europe ; but their deduc- 
tions were quite different from those of Villenin, for, on putting 
various substances (other than tuberculous matter) in the sub- 
cutaneous tissue of guinea-pigs, they produced a febrile disorder, 
and found after death products which, they declared, were not to 
be distinguished from tubercle. Hence, tuberculosis was con- 
sidered for a long time (and, indeed, is by some persons still so 
considered) as due to a mechanical irritation, chiefly set up in 
the delicate cells lining the lymphatic channels. While animals 
alone were the subject of the French, German, and English ex- 
perimenters, a doctor in Greece —Zallonis of Syra — actually 
inoculated the human subject — ^a man affected with gangrene of 
the foot — with tuberculous sputa. In thirty-eight days the man 
died with unmistakable tuberculous signs, which an autopsy con- 

* ** Causa rtNaturo dels Taberenlose.’’ 
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firmed. The opinion* that the introduction into the tissues of 
a great variety of foreign matters will cause this malady is now 
losing ground, there having been of late years some most valuable 
experiments on the subject, more especially those by Bollinger 
and by Cohnheim.t 

The most striking of Cohnheim*s experiments were those in 
which he introduced tuberculous matter into the anterior chamber 
of the eyes of kittens ; the animals generally became infected after 
a well-marked period of incubation of from fourteen to twenty- 
one days. Cohnheim, associated with Solomons, has also proved 
the possibility of aerial infection, having produced the disease in 
animals by causing them to inhale tuberculous dust. The patho- 
logical changes thus produced they compared side by side with 
those produced by mere irritants, whether breathed or introduced 
into the system by other channels; and they declare, as the 
re.Hult of such comparison, that the products of the latter are 
entirtdy difterent, aud not to be confounded with tubercle. Direct 
experiments with the milk from tubercular co\vj< have been made 
by Gerlach, Klebs, and Bollinger. Gerlach fed tw^o calves, two 
pigs, one slieep, and two mbbits for three weeks with the unl>oiIed 
milk of aplithisical cow; the whole of the animals became affected 
with tubercular disease. Klebs made a similar successful experi- 
ment with nine guim^a-pigs. The accidental infection of a largo 
8t. Bernai'd dog, which, having come across the milk designed 
for one of the experiments, drank it, and became tuberculous, is 
perhaps more striking than a formal experiment. The experi- 
ments of Bollinger were on pigs, as follow^s : — Two young pigs were 
fed with the unboiled milk of a cow which in life exhibited symp- 
toms of lung disease, and which n post-mortem examination showed 
to have suffered from phthisis. This experiment was negative. 
The pigs enjoyed good health, and oil being killed proved to have 
all tlioir organa in a sound condition, with the single exception 
of some slight inliltmtion of the glands of the neck in the case of 
one. In a second experiment, the milk of a highly tuberculous 
cow was given for ten weeks to four healthy young pigs three 
weeks olA During this time a general enlargement of the 
lymphatic glands of the neck was observed ; at tlie end of four 
and five months the animals were killed, when tubercular infil- 
tration of the lungs, liver, spleen, <fec., was fully established. 
Another experiment was made on a young pig, fed with the same 
milk for fourteen days. On killing the anim^ three weeks after- 

* **The Tranamissibility of Tuberculosis,” by G. Fleming, Ifed. CA£r. 
Review^ Oct., 1874. 

t “ Die Tuberculosen vom Standpunkte der Iii£aotioiulehre^” von J. 
Oohnheim. Leipsig, 1880. 
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wards, there was found cheesy inflammation of the large intes- 
tine, an exquisite miliary infiltration of the lungs, and a slight 
cheesy deposit in the bronchial glands. The milk in all the above 
experiments had been given unboiled. In another experiment, 
however, in which six pigs were taken, four were fed with the 
milk of the same cow (two with the unboiled milk, two with tlfe 
boiled milk), and two were fed on ordinary diet to control the 
experiment. After a few' months the last two were healthy ; tJie 
two fed on unboiled milk highly tuberculous ; one of tlie pigs fed 
on the boiled milk, on being killed, was found perfectly Jiealthy ; 
the other, killed a little later, was tuberculous. Further experi- 
ments are in progress.* 

On tlie otlier side, there are numerous failures, and many 
observers have failed to propagate the disease. E. Perroncito, of 
Turin, records the case of a wliole family (consisting of a man, 
his wife, and two chilth*en) drinking for eight days the milk of a 
cow most decidedly tuberculous, as [iroveil by an autopsy ; and 
yet they remained well. Negative results are, liowever, of little 
value, unless extremely numerous. If the disease can be propa- 
gated by milk, it does not necessarily follow that every animal 
experimented upon will become infected ; for there are numbers 
of facts proving that some Jiuman beings and some animals have 
a great resisting jiow er, and do not, w ith any readiness, take such 
diseases. It has hitherto been almost universally taught, that 
bovine tuberculosis has nothing essentially different in its course 
or pathology from human tuberculosis. This view has, howrever, 
been recently contested, Dr. Charles Creighton, in a very able 
paper, t giving a series of cases (eight in number) in which he 
contends that there was more analogy to “ Parlsuchty bovine 
tuberculosis,” tluin to liuman, and moreover, that this form is a 
distinct form, quite as distinct as glanders — the salient points in 
the cases cited being, (1.) the occurrence of tumour-like embolic 
infarcts in the lungs ; (2.) the implication of the bronchial, or of 
the mesenteric and portal lymphatic glands ; (3.) the characters 
of the eruption in tlie serou.s membranes, and its relative fre- 
quency ; (4.) the microscopic appearances; (5.) the elements of 
obscurity in the cases viewed as cases of ordinary or autochthon- 
ous tuberculosis. 

The very important infoiTQation as to what percentage of cows 
suflera from the disease, and whether it is on the increase or 
decrease, is unfortunately not with any accuracy known; and 
from the contradictory statements advanced, all that one can 

* Aerztlich. fnUlltpem BlaiU No. 47, 507. 

+ An Weetive V ariety of Tul>ercu1o8is in Man, identical with Bovine Tnber- 
CttlOBia, Perlaocht, by C. Creighton, M.D., Ironce^, June 19, 1880. 
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gather is, that it is rare in some parts, frequent in others, and 
that milch cows are especially prone to the disease. 

Cruzel aiErmed that in France, in every hundred old oxen 
fattened and slaughtered for food, one-half would have the lungs 
more or less tuberculous. Not very long ago, however, M. 
-2^11in, aided by some of the most eminent veteiinaries in 
Paris, searched for four mouths in vain for a tuberculous cow, 
and he states’* that, out of 28,000 beasts slaughtered annually at 
the abbatoirs, only 20 to 28 bore any sign of tubercle, while those 
rejected as unfit for slaughtering are an insignificant number. 
On the other hand, in Germany the percentage of cows affected 
is about 2 per cent. In England the number is not known, but 
it certainly is not higher than 2 per cent., and it is doubtful 
whether it ever attains, except in cfjrtain localities, 1 per cent. 
The analyses of the author have shown that in the milk in the 
last stages of disease only (in the stages, indeed, in which it 
would be unprofitable to milk a cow), does the fluid essentially 
differ from normal milk ; and the very milk so successfully 
experimented with by Bollinger was also found, on analysis, to 
be of normal composition. Hence, the danger is not imaginary, 
but real ; and when we consider the enormous scale on which 
some dairies are conducted — the number of. gallons of milk 
from various cows, wliieli are mixed together — it is certain that, 
in largo towns, speciflcally-taiiited milk is constantly drunk. A 
great portion of such milk is raised before use to nearly the 
boiling point, but much is drunk unboiled. 

Aphtlioua Fever, — The physical and chemical characters of aph- 
thous milk have already been described. In certain stages of the 
disease, the milk acts upon young calves like a vmulent poison, 
the caU* dying from apna?a with great suddenness. After death 
few marked changes are noticed, save intense pulmonary con- 
gestion, and a somewhat injected patchy tongue. The milk has 
been given to piga with a fatal result, and even cats have suffered 
indisposition from it ; nor is there wanting the strongest evidence 
to show that it may convey the aplithous disease to man. This 
transmission to man has been observed for some time, for in the 
middle of the eighteenth century Michael Sagarf described the 
aphthous epidemic, which prevailed in Moravia, 1763-64, and 
related how the milk propagated the disease to animals and men. 
In 1834 three German veterinariansj; (Hertzwig, Mann, and 
Villain) made on themselves some very conclusive experinrents, 

* M. Vallin, Lait des Vachea Phthisiques. AnmUa D'Eygikne PvbUqut, 
July, 1878. 

f JAbdlua ds Aphihia Peeoris^ Vienna, 1765. 

t ** Nouveau Diotiotmaire de Medicine V^termaire.'* 
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each taking a pint of the warm milk drawn from an infected cow 
for four consecutive mornings. On the third day M. Hertwig had 
feverish symptoms ; by the sixth, the mucous membrane of the 
mouth was swollen ; by fche seventh, there was a well-marked 
eruption on the edge of the tongue, the lips, and the internal surr 
face of the cheeks ; by the tenth, the vesicles continually increase, 
ing in size, had burst ; and by the twenty-fourth day the ulcers 
had dried, and there was some desquamation. MM. Mann and 
Villain were also allected in the same way, but to a less degree. 
This experiment is supported by a number of instances of par- 
tial epidemics in the human kind, which could be satisfactorily 
traced to aphthous milk. It would appear certain, that such 
milk after boiling is harmless. For example, Boulay records 
that foot-and-mouth disease, when imported into the Com- 
mune of Morchier by a pig-dealer, extended in a few days to 
over a hundred head of cattle, but spared the calves, which were 
fed on boiled milk and water, and not allowed to suck their 
mothers. 

A New Form of Febrile Disease Associated with Milk . — The milk 
from a dairy near Aberdeen appears to have been the propagating 
agent of a peculiar and entirely new malady. This remarkable 
outbreak has been investigated and described with great ability 
by Dr. Ewart.* Twenty persons were attacked, and there were 
three deaths. The symptoms consisted essentially of fever, with 
one or more relapses, and swelling of the cervical glands, fre- 
quently ending in suppumtion. The connection of the epidemic 
with the niilk-suppJy was established by the fact of the illness 
being confined to those who drank the milk, as well as by the 
microscopical appearances of the milk, and some well-devised 
experiments on animals. The microscopic appearances of the 
milk showed : — 

1. Numerous micrococci, some free others in groups or chains. 

2. Numerous spores and cells of the yeast-plant, 

3. Spores similar to B. anthracis. 

Some pus from the neck of one of the patients was found to 
contain bacilli and spores apparently identical with those found 
in the milk, and such pus caused fatal illness when injected into 
small animals subcutaneously. These elements were submittod 
to cultivation, and a variety of experiments on rats were 
instituted with the suspected milk, side by side with control- 
experiments with healthy milk, the main result being to prove 
satisfikctorily a direct connection between the bacilli and the 

Disease associated with the Presence of an 
from the Oidmill Hefbnnatoty School, Aber- 
, /Voc. Boy. 1881, xxxii., 492. 


• On a New Form of Febrile 
Oi^anum^ribiited with Milh 
by jr. CkMsav hLD 
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(liBease ; the evidence pointed to a contamination of the water 
supplying the dairy, and the author concludes that the organism 
producing this new fever was morphologically not unlike the 
anthrax organism in its mode of development and life-history ; 
and, further, that it tras introduced into the milk after it had left 
-iUe udder. 


DECOMPOSITION OF MILK. 

§ 157- It has already been stated that milk left to itself at 
all temperatures above 9^* begins to evolve carbon dioxide, 
and that this is simply a sign and result of fermentation. If 
this fermentation is arrested or prevented by any of the means 
described in the section on the preservation of milk, the fluid 
remains perfectly sweet and good for an indefinite time. 

Besides the production of carbon dioxide during decomposition, 
a certain portion of milk-sugar is converted into lactic acid, 
some of the caseine and albumen broken up into simpler con- 
stituents,' and a small proportion of alcohol produced, which 
by oxidation appears as acetic acid, while the fat is in part 
separated into free fatty acids, which ultimately unite with 
the ammonia produced by the breaking up of the albuminoids. 
This fei'inentation of milk is a special kind which of late years 
lias been much studied, and is known as lactic ferm-entatiotu 
Accompanying lactic fernmntation, there is nearly always a 
weak butyric and a weak alcoholic fermentation. 

The researches of Pasteur have es4^ablished the fact that 
lactic fermentation is produced by a special organism as capable 
of being sown, cultivated, and, as it were, reaped, as a plant of 
higher and more complex character. This minute plant consists, 
like yeast, of a single cell, and propagates like yeast by rapid 
budding ; in mass it is also similar in appearance to yeast, being 
viscid and of a gray colour. Under the microscope the cells 
are, however, seen to be very much smaller than those of the 
yeast-plant, and in common with all very minute particles to be 
agitated with a rapid brownian ” movement. 

A small portion of this ferment, on being added to a solution 
of sugar, rapidly turns it acid ; but the change to lactic acid is 
never complete, for acidity interferes much with its growth, 
and brings it ultimately to an end. If, however, the liquid is 
kept neiitral by the addition of chalk, or by any other suitable 
means, under such conditions most of the sugar is converted into 
lactic acid. This change is very simple, being merely a splitting 
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up of oue molecule into two more simple equivalent ones^ 
tliue-r*C|iH^gO|| = 2 

In a few rare instancesi butyric fermentation and putrefaction 
take, in some degree, the phice of lactic, and the milk becomes 
horribly offensive ; but this is unusual, and, for the most part, 
even when the milk is much decomposed, a peculiar, sour, rather^, 
faint odour only is noticed. Nevertheless, a weak butyric 
fermentation is generally present with the lactic ; the chief 
reason why it rarely proceeds to any extent being the fact 
that an acid medium is very un&vourable to the growth of this 
particular ferment. 

According to Pasteur, the butyric ferment is essentially an 
infusorium of the genus Vibrio. TJie little organisms consti- 
tuting the ferment have the appearance of minute cylindrical 
rods, rounded at the extremities, usually straight, either isolated 
or united in a chain of two, three, or four joints, and even of 
more. The diameter of these small rods is generally -nrW ^ 
millimetre, and the length of the isolated portions from yuxtu 
to -2^ mm. [ 0000687 to *000687 inch]. They move forward by 
sliding. During this movement their bodies remain rigid and 
undulate slightly; they spin round, they balance themselves 
on end, and agitate their extremities; they are often bent. The 
method of reproduction is by fission.* The most favourable 
conditions for its development are a suitable liquid, slightly 
alkaline or neutral, kept at a temperature of 40° ; the ferment 
does not require free oxygen. 

§ 158. Bltte Milk. — Milk has, in rare instances, been known 
to undergo a peculiar change of colour, becoming of a very 
marked blue tint, the seat of which is said to be the caseine. 
On adding caustic alkalies, the colour changes to a cherry red, 
but the blue is restored by acids. This change is without doubt 
due to a fungoid growth; the blue principle has never been 
isolated, but it appears to be volatile.t 


ADULTERATION OP MILK. 

§ 159. The adulterations of milk in this country, taken in the 
order of their frequency, are : — The addition of water, the 

• M. Pasteur, Compt Bend,, 52, p. 344, Februaiy, 1861. 

t Os blue milk, the following may be quoted : — ^Paobs : Magawnf&r die 
Geeanmte ThierheUkunde, 7, 133 to 198. Ehrenberg: Monataberiehte der 
Berliner Ahademie dfs Jahree, 1840, p. 202. Eramann : BUdui^ von 
Aniliiififtrbeii aus Proteinkbrpem. Jouffu /ilr Prah. Cliemie, voL 99, 404, 
1868. Hanbener; Magaem /Ur ^ Qeaainmte ThierheUkunde, Bd. 18, 
p. 1 to 86; 129 to 204, 370 to 282. 
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abstraction of cream (or both combined) ; the addition of cane 
sugar to conceal watering, the addition of salt, borax, or salicylic 
acid to milks likely to decompose; and, lastly, the addition of 
glycerine. Milk is also occasionally manufi^ured from con- 
densed or concentrated milks. No other adulterations than 
the above ♦ have been proved to exist by any trustworthy evi- 
dence. The mere addition of water is easily detected by the low 
specific gravity of the milk, which test is really extremely satis- 
factory, provided the milk ik not exceptionally rich in cream, 
for an exceptionally rich milk may possess a specific gravity 
similar to that of a watered milk. For instance, a sample of 
fear milk,” t analysed by the author, was found of a specific 
gravity of I'OIO; it contained over 7 per cent, of milk-fat. If, 
however, the milk is allowed to stand a little while, and the fat 
then partially removed by skimming, a mistake from specific 
gravity is not possible. The specific gravity may be taken by 
the hydrometer, by a Westph^fs balance, by a 8pii*al balance 
(p. 70), or by a specific gravity bottle ; in all cases it must be 
considered as a preliminary test only, its indications should be 
confirmed or otherwise by subsequent analysis. The amount of 
water in the milk can only be discovered accurately by analysis 
and calculation. The analysis is conducted on the principles 
already explained, and the amount of water calculated from the 
percentage of solids not fat.” If the exact composition of the 

* The fable of the adulteration of milk with brains probably originated 
in a communication made to the Gazette des Hopitaux^ Sep. 25, 1841, by an 
anonymous writer, who affirmed that he bad seen iu milk, by the aid of the 
microscope, cerebral tissue and the debris of blood-vessels. This improbable 
announcement was reiterated by M. Jules Kossiguon, who, writing in 
Jj Echo du Monde Samnt^ gave as an established fact the brain adulteration 
of milk (**La Cervelle des Chevaux de Montfsucon ’^). This statement 
again having been reproduced in Le Memorial Bnq/clopSdique^ was after- 
wards worked up, with additions and amplifications, m various popular 
periodicals and journals ; but, generally spring, it was not accepted by 
chemists actually engag^ in practical work. In 1844, shortly after the 
publication of the paiiers alluded to, MM. Gamier and Harel declared 
ill their work ( Falsifications des Substances Alimentaires ”), ** We have 
never met in commerce a single sample of milk falsified with bnun ; we have 
examined milk bought in different quarters of Paris, and especially among 
the poor, but we have never found an atom of cerebral matter. With regard 
to cream also, they justly say, that brains are not suitable for the produo- 
tion of cream, communicating to it a disagreeable taste, and not thickening 
it. Gautier de Chaubry also undertook some elaborate experiments, show- 
ing how extremely difficult it was to mix brain-matter with milk, and when 
it was effected, how different the milk was from ordinary milk* 

t A small can of exceptionally rich milk has been occasionally carried by 
milkmen for the purpose of serving any inspector* Such milk has been 
termed ** four milk/^ 
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original milk is known, then the amount of water added may be 
wi& accuracy calculated from the following formula : — 



in which y denotes the original amount of solids not fat/* s the 
amount of “ solids not fat ’* in the watered sample, and x thTT^ 
number of parts of genuine milk in 100. As this useful know- 
ledge is in practice never obtained, the analyst must use a 
formula* based either on the average percentage of ‘‘ solids not 
fat/* or on the lowest percentage known to occur. This average 
thousands of analyses have determined to lie between 9*3 and 
9*5 per cent., while the lowest percentage found in healthy 
fairly-milked animals is about 9 per cent. Calculated on this 
basis, the formula becomes 



This is the standard adopted by the Society of Public Analysis; 
but as a standard it is too low, and permits the milkman to 
water the milk at least 2 per cent. ; for instance, in the analysis 
of the milk of 183 cows, milked in the presence of Mr. Carter 
Bell, and analysed by him, the lowest percentage of “solids not 
fat ** is given as 9*2. Now, to this milk water could bo added in 
the proportion of 2J per cent ; and as six of Mr. Bell’s cows 
averaged “solids not fat** 11*3 per cent, such milk could be 
watered 25*5 per cent Lastly, Mr. Wanklyn’s average country 
milk could be watered 4 per cent. ; bis average town milk 
10 per cent ; the milk of the Alderney cow 4 per cent ; and Mr. 
Bell's mean of 181 cows (9*9) 9 per cent, to bring it down to the 
Society’s standard. 

The author has, therefore, somewhat departed from standards 
in certifying to the adulteration of milk by water; and in cases 
where the “ solids not fat ** exactly reach the Society’s standard, 
invariably analyses the milk carefully, seeking for evidences of 
watering in the presence of nitrates and sulphates. For cows* 
milk only contains a trace of sulphuric acid in combination, 
and is absolutely destitute of nitrates; water, on the other 
hand, not unfrequently abounds in sulphates, and, if impure, in 
nitrates. Bence, if a sulKcient quantity of the milk can be 
obtained for the investigation, the finding of nitrates and an 
excess of sulphates, or both, is fair proof of watering, and an 
andyst is justified in certifying accordingly, although “the 
solids not &t ” may reach the so-called standard.^ In certify- 

* the more necessaiy smc^ at the present tim^ the Govemmejit 

chemists have adopted the ttntenable standard of 8*5 “solids not fat.” 
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ing as to watered milks, the author, in certain cases, uses in his 
certificate a particular form of words, which is emulated to 
represent the actual facts more accurately than the usual state- 
ment. An example will suffice : — 

This milk has been adulterated with water, Tiw exact amount 
o/ water added can only be told wlwa the original composition of 
this particular saiajjle of milk is known. But if the original milk 
was a very rich milk, containing 11 per cetd. of ^solids not fat,* then 
to every 100 parts of milk by v)eiyht 22*7 of water have been added. 
If the milk contained 10 per cent, of ^ solids not f(U,' (lien 15 parts 
of vmter to every 100 of milk have been added. Lastly, if the composi- 
tion of the original milk was that of the 2 >oore 8 t milk which a healthy, 
fairly -milked cow is known to yield as an average — viz,, containing 
0 jjer cent, of ‘ solids not fat* then to every 100 parts of such milk 
5*0 of water have been added ; or, to put it in anoilwr form, 1000 
parts by vjeight of milk have been made into 1056. / therefore 

certify the milk to have been watered A T LEAST 5*6 per cent,** 

However verbose such a certificate may seem, yet when it is 
remembered that under the Act the analyst is seldom called 
upon to give verbal evidence before a magistrate, the more full 
and complete the written staten^ent of facts the better, and the 
author has occasionally found it in practice extremely useful, 
more especially since few magistrates possess chemical know- 
ledge, and, therefore, naturally expect and require a very full 
ex])lanation of the principles on which tlie certificate is based. 

§ 160. With regard to the removal of cream, the method of 
detection is, of course, to make a quantitative analysis of the 
milk, exhausting the dry solids, as before described, by suitable 
solvents. If the milk-fat so obtained falls below 2*5 per cent., 
the milk in all probability has had its cream removed ] and the 
amount of fat abstracted is found, according to this standard, by 
tlie following formula, in which s = solids not fat, / = the fat 
found, and x tlie percentage of fat removed : — 

2*5 


9*0 


8-f—X 


If the milk is both skimmed and watered, the following for- 
mula may be used, the letters having the same significance, with 
the exception that x means extraneous water : — 

100 -^ 2*5 
'9 


100-i 


a; 


PoMibly one cow m a thoiuand, at one period of the year, and on a parri- 
oular diet, may give such, a milk. 
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In giTtDg a certificate as to the skimining of milk, the author 
invariably states that it is calculated to a particular standard^ 
vrhich may not at all represent the actual amount of fat removed^ 
for in rich milks the fiit is considerably over 2*5 per cent. ; and 
hois also carefiil never to use the word "skimming,** but sub- 
stitutes the phrase " the fat has been abstracted,'* a formula 
which includes all the indirect ways in which fat may be 
removed. 

Tlie " solids not fat *’ may be normal, and the specific gravity 
normal, and yet tlie milk may be much watered. This feat is 
accomplished by the addition of cane-sugar. Cane-sugar is cheap, 
its solution in water has a high specific gravity, and it, of course, 
raises the amount of " solids not fat** A little practice in tast- 
ing milk enables any one to suspect its presence, but a complete 
analysis alone establishes it. In a milk adulterated in this way 
with cane-sugar, if the milk-fat, the caseine, and albumen are 
separately estimated, the caseine, albumen, and i>robably the 
milk-fat will all be found low, while the ash will also be found 
less than the normal quantity, and the remaining organic con- 
stituents high. 

Dr, Muter estimates the amount of cane-sugar added, by 
pouring 10 grms. of milk on to 4 of calcium suli)hate hydrate, 
evaporating this mixture to dryness with constant stirring, 
exhausting the fat by ether, and then removing all the sugar 
by dilute alcohol. This alcoholic extract is made up to a known 
bulk, and divided into two parts; one portion is evaporated to 
dryness, weighed, and then burnt, and the weight of organic 
constituents found by difference; in the other portion an esti- 
mation by Fehling is made ; if no cane-sugar is present, the 
difference between the two estimations will be merely due to 
galaciine and other principles soluble, to some extent, in dilute 
alcohol, and to any experimental error. If, however, cane- 
8umr has been fraudulently added, there will be a most marked 
difference, which may be returned as cane-sugar. Dr. Muter 
considers that unless the sugar is sufficient to impart a taste to 
the milk, it is not likely to be with any certainty discovered by 
analysis.* 

§ 161. The addition of common salt, Carbonate of soda, or, 
speaking generally, mineral adulterants, if in large quantity, 
will be at once recognised by the abnormal weight of the ash. 
If in smaller, the relation existing between the amount of ash 
and the caseine will be destroyed, and render it necessary to 
submit the ash to a careful qualitative and quantitative aualysis. 

* Andty$t, Umh, \m. 
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A normal milk-ash is white^ or nearly so, contains scarcely a 
trace of sulphate, and does not effervesce on the addition of acids. 
Borax is difficult of detection, because so little is usually added. 
The best method would appear to be, to evaporate down as 
much of the milk as can be obtained, previously rendering it 
feebly alkaline. It is then burnt up at a low temperature to an 
ash, and a little glycerine added ; the mixture stirred with a 
glass rod, and a portion on the loop of a platinum wire intro- 
duced into the Bunsen flame, and examined by the spectroscope, 
when the bands peculiar to boracic acid will be seen, and may 
be compared with the spectrum of pure boracic acid. Or the 
ash may be decomposed by pure sulphuric acid, the freed boric 
acid dissolved out by alcohol, the alcohol concentrated, and the 
platinum wire moistened as before, and the spectrum observed. 
The flame in all the.se cases will show a more or less marked 
green colour. 

A process of preserving milk by glycerine exists, and occa- 
sionally it is found in milk. To detect glycerine the caseine, fat, 
and albumen must be separated by dilution, acetic acid, carbon 
dioxide, and heat, as described at p. 241. The sugar is then 
estimated in one portion of the yellow whey by copper solution ; 
the remainder is first neutralised, and then evaporated to dry- 
ness, and freed from any trace' of fat by exhaustion with pure 
ether. The glycerine is now dissolved out by a mixture of 
alcohol and ether, the alcohol-ether evaporated off, and the 
glycerine identified by its physical characters and the produc- 
tion of acrolein fumes when heated with sulphuric acid. Use 
may also be made of the fact that glycerine sets free boracic acid 
from borax. A little borax, therefore, may be moistened with 
the syrupy drops supposed to be glycerine, heated in a Bunsen 
flame, and examined before the spectroscope for the boracic 
acid bands.* 

Salicylic acid is used occasionally as a preservative of milk, 
and it is easily detected by shaking up milk whey (fiirst acidi- 
fied by hydrochloric acid) with ether. The ethereal solution on 
evaporation leaves the acid in a pure enough state to permit the 
successful application of reagents. The best test for salicylic 
acid is the beautiful violet colour which it gives with a neutral 
solution of ferric chloride. Besides this test, a minute portion 
may be placed in the subliming cell, when a well-marked aub- 
limate is obtained at about 100^ The crystalline form of this 
sublimate may be compared with one obtained from a 
pure sample of salicylic acid. 

* A Senior and A J. G. Lowe : Chem. See, Journal^ cLxxxjt^ 
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PRESERVATION OF MILK. 

§ 162. It bas already been stated that the lactic fermentation 
and the putrid, or butyric, fermentation of milk are both due 
to mysteriously minute bacteroid bodies, ever present in the 
atmosphere. 

Milk boiled, or raised to a sufficiently high temperature to 
destroy any germs which may be already in the milk, and then 
kept by any process whatsoever in such a manner that germs 
cannot gain access to it, remains sweet for an indefinite time. 
If, for example, a flask of milk is taken, heated up to its boiling- 
point for some time, and then, while boilingy plugged in the neck 
with a good compact piece of fibrous asbestos, which itself has 
been made for a few minutes red hot, the milk will neither de- 
compose nor fei’ment. Similarly, with suitable precautions, tho 
long thin neck of a flask may be bent in an N shape, tJie milk 
boiled as before, and allowed to cool ; in this case, also, there will 
be no decomimsition. The explanation in the one instance being 
that the germs have been filtered ; in the other, that they have 
settled in the bend of the N, not being able to turn comers readily. 
Similar experiments (all of which have been essayed over and 
over again by Tyndall, Pasteur, and others) all point to the Baiiio 
simple conclusion — viz., that it is only necessary to destroy the 
existing germs, and then put the organic substances or fluids 
under such conditions as will shield them from renewed infec- 
tion, in order to preserve the most complex substances and fluids 
from further change. 

The various processes which have been proposed for the pre- 
servation of milk fall under the following heads : — 

(1.) Evaporating ProceeseSy — in wliich tho milk is reduced to a 
dry powder, and generally mixed with sugar, the evaporation 
taking place either in a vacuum or in a stream of warm, dry air. 

(2.) Chemical AdditionSy — such as glycerine, or other anti- 
ferments. 

(3.) Application of Cold. 

(4.) Application first of Beaty and then of Cold. 

§ 163. (1.) Evaporating Processes . — All putrefactive and fer- 
mentative change is reduced to a minimum when organic sub- 
stances are deprived of water, and milk is no exception to the 
rule. The dried milk solids, without any addition whatever, 
will often keep for many weeks although freely exposed to the 
air; while with certain additions, such as sugar, the preservation 
may be called for practical purposes permanent. 

The Swiss Company's Condemed Milk may be cited as a very 
isucceasful experiment of this kind, the milk being what it pre- 
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tends to be — viz., evaporated to a certain point with the addi- 
tion of sugar. Numerous patents have also been taken out in 
this country with the same end in view. A few of the more 
important are as follows : — 

In William Newton's patent [No. 6787, 1837] the milk was 
evaporated as rapidly as possible, either by warm or cold air 
or in a vacuum, and then pulverised and mixed with powdered 
loaf-sugar. 

In 1847, a process was proposed by T. S. Grim wade [patent 
No. 11703]. The milk was concentrated in vacuo^ and four grains 
of saltpetre were added to every quart; the milk was then trans- 
ferred into vacuous bottles, the arrangement for corking these 
bottles being particularly ingenious. 

Juh^s Jean Baptiste Martin de Lignac [patent No. 11892, 1847] 
evaporated in simple open pans, continually breaking the scum 
up by mechanical means. A little sugar was added, and the 
product preserved in hermetically-closed vessels. 

A patent taken out by Griinwade in 1855 [patent No. 2430], 
was a combined process. The milk, immediately on being 
received from the cow, was heated to 110"^ Fahr. ; and 5 ozs. of 
refined sugar and 1*25 ozs. of milk-sugar were added to every 
gallon of milk. The whole was now evaporated in a particular 
pan with double bottom, through which hot water was made to 
circulate during the evaporation. These pans were kept in a 
continual oscillation by means of machinery, and the resulting 
dry solids were ground to powder by rollei-s. 

In Clark’s patent [No. 3675, 1837], for the first time, is men- 
tioned the heating of milk to the boiling point of water, with the 
avowed object of destroying germs. The milk is evaporated in a 
vacuum without the addition of sugar. 

Stephens has an ingenious specification [No. 1342, 1872], 
according to which the milk is rapidly condensed in a continuous 
maimer by successively passing tlirongh a series of twenty-four 
pans, each pan being raised a little above the next in order, and 
the whole being in a line. The bottoms of the pans are serrated, 
heated by steam, and oscillation by machinery is kept up. The 
milk flows in a slow shallow stream, and the evaporation is 
finished by the time the milk reaches the last pan. 

§ 164. (2.) Additiona to MUk , — The ordinary additions have 
been sugar, milk-sugar, glucose, carbonate of soda, and nitre. 
Bethall, in 1848, preserved cream and milk by first expelling 
the air, and then saturating the liquids by carbonic dioxide. 
The gas was evolved in the usual way, from sodic carbonate 


J. A. Newnham, No. 2801, 18701 
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decomposed by an acid ; the air was expelled by boiling, and 
the milk was then preserved in bottles. A similar patent 
[No. 25, 1879] has been taken out by Biddell, and, without 
doubt, this method is scientifically correct, and, if properly done, 
would be effectuaL Wanklyn and Eassie [patent No. 1861, 1871] 
have proposed the addition of two parts of glycerine to every 
100 of milk. 

All these methods of preserving milk have, it is obvious, no 
effect in destroying the germs of any disease possible to be 
communicated to man. Speaking generally, indeed, all additions 
to milk in the form of antiseptics, such as glycerine, salicylic 
acid, borax, and the like, should be looked upon with disfavour; 
for by their use cleanliness in the dairy would not be such an 
essential as it is now; and the addition of these antiseptics is 
somewhat analogous to the saturation of foul places with carbolic 
acid, when the more obvious and more effectual remedy would 
be to keep them free from filth. 

§ 165, (3.) Action of Cold on MUh. — The simple action of cold 
on milk has been studied scientifically, and it has been con- 
clusively proved that the artificial cooling of milk by ice 
(whether the milk be placed for the purpose in deep cans or in 
shallow pans) produces far better, sweeter cream than any other 
system. An analysis of cream by Voelcker * thrown up by the 
Swartz system, + gave the following ; — ‘ 

Milk fet, 85-70 

Caseine, *92 

Ash, *12 

Water, 13*26 

The cream was perfectly neutral. 

Tisseraud^! from his experiments on the action of cold, con- 
cluded that — 

1. The rising of the cream is the more rapid tlie nearer 
zero the milk is kept ; 

2. The volume of the cream is greater ; 

3. The yield of butter more considerable; 

4. The skim-milk, the butter, and the cheese, are in the latter 
case of better quality. 

Still, however valuable the use of cold may be to throw up 
the cream and to preserve milk in transit, it must not be 
forgotten that it in no way renders the milk safe, should it be 
contaminated by any specific poison of animal or human origin. 

* JawTud Agrieul Soc.f No. zxiv, 1879, p. 157. 

t i>eep cans, (2 feet long, 20 deep, and 6 wide), in which the milk is arti- 
ficially cooled, ate the chief features of the Swartz system. 

t CompUS Jiendus, t. 82, 1876. 
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§ 166. (4.) Hmtifng cmd then Oooling*^^A very perfect process of 
preserving milk, if the temperature used had only been sufficient, 
was patented in 1857, by Joseph House, No. 15. He evapor- 
ated down to I of its bulk, at a temperature not exceeding 150*' 
Fahr,, in a shallow circular dish. The concentrated milk was 
then put into tins, cooled artificially and soldered down. 


INFLUENCE OF FOOD ON THE QUALITY AND QUANTITY 

OF MILK. 

§ 167. The influence of food on the lacteal secretion is great, 
a diflerence more especially appreciated if the produce of the 
whole milk be taken into account, and not the mere percentage 
composition. Indeed, in experiments on the influence of fo<^, 
the mere composition of 100 parts of milk, without the know- 
ledge of the total amount secreted, is not only useless, but mis- 
leading, and has caused many erroneous conclusions. 

It appears established that abundance of suitable food, with 
little exercise, increases the yield of milk in every animal, and 
therefore increases all the constituents; while the reverse de- 
creases the yield, and therefore decreases all the constituents. 
The increase of the total solids, when a highly nitrogenous sub- 
stance like flesh is given to a herbivorous animal, is remarkable. 
Thus, Weiske obtained daily 739 grms. of milk from a goat fed 
on yiotatoes and straw, but on the addition of a little powdered 
librine to the same weight of food, 1054 grms. 

Dumas considered it proved by his experiments* that, when 
bread was given to a bitch, her milk then contained milk-sugar, 
but when carbo-hydrates or starchy substances were withheld, 
and flesh given, then there was no x^k-sugar, and that in aQ the 
carnivora lactic acid took the place of lactose (milk-sugar). It 
would, however, appear that this teaching is erroneous ; for most 
cei*tainly the milk of animals fed exclusively on flesh, does con- 
tain milk-sugar, and it is probably of albuminous origin. 

Beuschf has found milk-sugar in the milk of a bitch, the 
sample being drawn on the eighth, twelfth, and twentieth days of 
an exclusive flesh diet. Subbotin J found the sugar in a bitch’s 
milk to be 8*41 per cent, when fed on potatoes, and 2*49 when 
fed on meat; but since on the latter diet there was a far greater 
yield than on the former, the real fact was that the flesh increase, 
not diminished, the sugar. 

* CoinpU$ Sendue^ t. xvil, p. 685, 1843. 

•h Bensoh : Ann, det Ckende u, Pharmade^ IxL, s. 221, 1874. 

$ Subbotin : Afxh, /Or Path, Anatom,, xxxvi., a. 661, 186^ 
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The connection of fat with the food eaten by the cow formed 
the subject of an interesting controversy between Liebig and the 
French chemists. MM. Dumas, Boussingawlt,* and P^en made 
several experiments onseven cows. These cows famished annually 
17676 litres of milk, specific gravity 1035; the weight, therefore, of 
the milk was about 18191 kilos., and the fat produced was 3*7 per 
cent., or 673 kilos, annually. The food supidied to the animals 
was 38325 kilos, of hay, and the fat contained in the food the 
authors calculated not to exceed 766 kilos., and then proceeded to 
draw the conclusion, that this milk-fat was derived solely from fat 
in the food eaten. Liebig replied to their paper, and showed that 
a cow nourished with 15 kilos, of potatoes and 7*5 of hay, received 
in six days 756 grms. of fatty matter; but the excrements furnished 
747*56 grms. of fat, and the cow yielded 3116 grms. of batter. 
Hence the supposition was impossible.t 

Kuhne fed cows on fat-rich and fat-poor foods for some time 
with entirely negative results. 

We have also the extremely valuable experiments undei'taken 
some years ago by Dr. Lyon Playfair, in which the food given to 
the cow was carefully weighed, and the milk produced was also 
weighed and analysed. The experiment lasted five days, and the 
following is a summary of the results : — On the second day, the 
cow received food which contained *486 lb. fat, but the butter 
produced was *969 lb., so that *483 lb. (even supposing the fat 
taken in with the food to have been elaborated into butter) must 
have been derived from other sources. On the third day the cow 
received — 

23 lbs. hay = *426 fat. 

2*5 lbs. oatmeal =; *0o0 ,, 

8 lbs. of beaus = *066 „ 

Total, . . *542 iat. 

But the butter amounted to *9 lb., much in excess of the fat 
taken in. On the fourth day, the butter amounted to 1*36 lb., 
the fat in the food to *364 lb. , On the fifth day, the butter was 
1*203 lb., the fat in the food[ *29 lb. The total result being 
that the cow received 1*682 lb. fat in its food, and yielded 
4*429 lbs. fat in its milk, giving 2*747 lbs. in excess of that 
received. 

Weiske fed a goat as follows ; — During the first period, it had 
1600 grms. of potatoes and 375 gnus, of chopped straw, when the 

* **Becherche8 sur rEngraisaement dea Beatiaux et la Formation da Lai^” 
par MM. Dumaa, fiousaincaolL et Payen; Comptea Rtndvs. t. xvi, 
p. 345,1843. 

f xvL, p. 553. 
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yield of milk daily was 739 grms.: of fat, 19*96 grms. ; in the 
next period (25 grms. of flesh-meat were added) ; this brought 
the milk*^np to 1054 grms., and the daily yield of fat to 
33*21 grms. Instead of the fleshmeat, 250 grms. of bran and 
125 grms. of oil were next added ; but this decreased the yield of 
milk to half the former quantity — viz., 588 grms., the fat being 
29*74 grms. Instead of the oil, 85 grms. of stearic acid was 
added ; the milk diminished slightly in quantity, 506*2 grms. of 
milk being obtained, and 22*30 fat. 

The most extended series of experiments on the influence of 
food on the fat of milk and on the total yield are, however, those 
of Fleischmann and P. Vieth. They observed and registered the 
daily yield of milk, the percentage of fat, the specific gravity, and 
the diflrei*ence between the morning and evening milkings under 
different diets in a herd of 119 cows. The observations continued 
a whole year. 

The herd was of the dun-red Mecklenburg breed. Their aver- 
age weight during the stall-feeding season being 453*5 kilos. 
(999*7 lbs.). Their dry period averaged, for each cow, fifty-five 
days, and the yield of milk of the whole herd w'as 2582*34 kilos. 
(5692 lbs.) each, or, expressed in gallons, 550 gallons. During 
the first period, from January 1 to March 5, their food con- 
sisted of 12 kilos. (26*4 lbs.) of chopped fodder — viz., one-fifth 
clover hay, one-fifth meadow hay, three-fifths oat and barley 
straw, together with *875 kilo. (1*92 lbs.) long oaten straw, 
1 kilo. (2*2 lbs.) wheat bran, and 1 kilo. (2*2 lbs.) cocoa-nut 
cake. The same rations were continued to May 15, with the 
slight addition of 0*375 (3*2 lbs.) of flesli-meat. From October 15 
to December 31, the rations consisted of 4*165 kilos. (9*1 lbs.) 
clover hay, 1*75 kilos. (3*85 lbs.) meadow hay, 5*985 kilos. 
(13*18 lbs.) oaten straw — all long, *5 kilo. (1*10 lbs.) cocoa-nut 
cake, *5 kilo, (1*10 lbs.) rye-meal. The main results of the 
experiments are tabulated on the next page (Table XVI), 

It will be seen that the fat was considerably more during the 
2nd and 3rd periods — viz., from March to July, when flesh meat 
was a constituent of the food ; besides, those months were of a 
pleasant temperature, therefore moderate warmtli and a nitro- 
genous diet contributed. 

The numerous experiments quoted show very conclusively 
that the main fat-producing foods are to be found among those 
that are highly nitrogenised, and that the farmer who desire 
to increase his yield of cream must certainly choose the 
nitrogenised rather than the starchy or fiitty foods. Stall- 
fed cattle, as a rule, give more fat than those that are Dot 
stall-fed, for a portion of the &t appears to be diverted to keep 
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TABLE XVL 


PKRIOD& 

. 

Mils pbr Ck>w. 

1 ' ’ 

i FatpbbOow. 

BSMARXa 

Mom. 

Kve. 

Mom. 

Ere. 


Lbs. 

Lbs. 

Lbs. 

Lbs. 


1. Jan. 1 to March 5, 






65 days, 


7*28 

•26 

•26 

Stall-feeding. 

IL Mar. 5 to May 15, 






70 days, 

III. May 15 to July 15, 
61 days, 

rV. July 15 to Oct. 15, 

8 *84 

8*49 

•28 

•27 

Addition of flesh- 
meat. 

9*43 

9*68 

•31 

•30 

Pasturage on com- 
mons. 

92 days, 

V. Oct. 15 to Dec. 31, 

7-39 

7*19 

•24 

*24 

1 Pasturage on clover- 
grass. 

77 days, 

5*81 

5*43 

•20 

*19 

Stall-feeding. 

Day's avers^e, . 

15*630 

•51 



TABLE XVIL 


DaBATtOS OF Expxximekt. 

Avsragx Weight 
Per heap. 

Daily Average 
Yield. 

D411Y 

Pbopucbin 

UUTTKK 
FROM TUB 

8 Cows. 


Superior. 

Inferior. 




1. Feb. 22, March 1, . | 

1065 

1087 

1039 > 
1042} 

9*48 

6*49 

3*4 

II. March 19, . 


10^2 

10*23 

6 71 

3*8 

III. March 27, . 

1118 


9-54 

6*12 

3*6 

I V. April 5, 

1112 

1118 

8*99 

6*31 

3*9 

V. April 14, 

1094 

1086 

8*33 

6*09 

2*9 

VI, AprU 22, . 

1116 

1093 

7*45 

5*72 

2*7 


Food. -^!^ IS lbs. of brewers’ grains^ 36 lbs. maiijilioldf^ and 25 Iba oat- 
straw. " 

IL 5*4 lbs. rape-cake, 36 lbs. mangolds, 25 lbs. oat-straw. 

HI. 4*5 lbs. raixi cake, 36 lbs. mangolds, SI5 lbs. oat-straw. 

IV. IS lbs. brewers’ grains, 36 lbs. mangolds, 25 lbs. oat -straw, 
y. IS lbs. brewers’ grains, 45 lbs. mangolds, 25 lbs. oat-straw. 

Vt 12 lbs. brewers’ grams^ 46 lbs. mangoldi^ 25 Iba. oat-atraw. 
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up the heat of the body, therefore it is a matter of practical 
economy to keep cattle warm in the winter. Similarly, the yield 
of milk beeomes less in quantity and poorer in quality, if cows 
are allowed in the summer to be teased by dogs or flies, or in 
anyway compelled to take much exercise. 

Struckmann made some very valuable experiments in 1859 
upon cows of good breed, “ superior,” and cows of an “ inferior ” 
breed. The method of feeding and the results are tabulated in 
annexed table (XVII), 

The conclusions drawn are — 

(1.) That most milk is produced by a diet of 5*4 lbs. rape 
cake, 36 lbs. mangolds, and 25 lbs. oat-straw. 

(2.) That a reduction of 9-lOths lb. of rape-cake diminished 
the milk of the superior cow.s, the eight cows in the 3rd period 
yielding about a gallon less milk daily ; hence, 1 lb. of oil-cake 
produced 1 *2 lbs. of milk. 

(3.) In the sixth series, the cows received 6 lbs. less brewers’ 
grains, which diminished the produce to the extent of about 
1-lOth of a gallon ; thus, 1 lb. of brewers* grains produced about 
a quarter of a pound of milk. 

(4.) In the first and tliird series, very nearly equal quantities of 
milk were produced. In both sets the same quantity of mangold- 
wurzol and oat-straw were given ; 18 lbs. of brewers* grains of 
the first series were replaced in the third by 4*5 lbs. rape-cake ; 
hence, 1 lb. of rape-cake equals 4 lbs. of grains in milk-producing 
power. The authors noted that rape-cake produced milk richer 
in butter than that obtained from cows fed on brewera* grains ; 
but the butter in the last case had a better flavour. It is curious 
to note that the superior breed was more affected by change iu 
diet than the inferior : — In the first period, the four superior cows 
gained 100 lbs. in weight, and yielded 343 gallons of milk j the 
four inferior gained 304 lbs. and yielded 227*2 gallons of milk ; 
or, to put it in another form, in thirty-six days the superior cows 
produced 115*8 gallons more milk, and gained 204 lbs. less live 
weight than the inferior; from this it would appear, that 
lbs. of milk were replaced by 1 lb. of flesh. 

§ 168. The colouring and the alkaloidal and active principles 
of plants impart their distinctive properties somewhat readily to 
milk. Thus it has long been noticed that browsing on certain 
plants affects the colour of milk : Coltha palustris, saffron, and 
rhubarb colour it yellow ; rhubarb, opuntia, and Eubia linctorium^ 
red ; Myo^otU polygonum, and Amku$a equisehim, 

blue, rurgative vegetables, such as rhubarb, or even 1^6 
juices of acid fruits, taken by a suckling woman aioioBt invariar 
bly affect the infant. There are instances of milk becoming 
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poisonous from containing the active principles of plants. In 
June^ 1875, an epidemic of diarrhcea occurred in the Rhone Gorge, 
and was traced to goats’ milk, the goats having browsed in fields 
where the meadow safiron was growing. Professor Haiti isolated 
colchicine from the milk. Similar outbreaks, caused by the 
animals having fed on poisonous shrubs, have been recorded 
in the Western States of America and Aiistralia. There is a 
supposition that the exposure of a cow to bad odoui’s, or to putrid 
emanations, has an influence on the milk. Mr. Willard cites 
instances of cows yielding milk quite unfit for makiqg cheese, in 
consequence of the animals having inhaled the putrid emanations 
of a dead and decomposing cow. Mr. A. H. Smee* has also stated 
that the milk of cows fed on sewage farms rapidly putrefies, but 
no details as to the manner in which the samples were collected 
are given, and the explanation may be that the ])utridity of the 
milk was not due to the grass eaten, but that the teats of the 
cow were fouled by decomposing substances, which would mix 
with the milk and infect it. A most notable example of this is 
related by X. A. Willard. J 

In a large American cheose-factory much trouble was caused 
by decomposition of the milk. The cause of this was traced 
to one farm, and it was ultimately satisfactorily demonstrated 
that the animals every day walked through a putrid slough, the 
matter adhered to the teats, there dried, and pr^rticles fell into 
the milk, with the usual result, so that the possible want of 
cleanliness in some of the details of milking must always be borne 
in mind in such inquiries, and especially the probable presence of 
bacteria on the external skin of a cow exposed to putnd emana- 
tions. The subject is of great importance, and needs further 
inquiry. In any future experiments as to the infiuences of grjiss 
manured with sewage on cows’ milk, the teats and udder should 
be washed with a solution of some disinfectant before commenc- 
ing the milking, and more than ordinary care should be taken 
that the receptacles are in a cleanly state. 

§ 169. Eiyieriments have been made with the object of 
ascertaining whether metallic compounds would bo excreted 
by milk. Arsenic passes readily enough in minute quantities, 
and the same may he said of lead and oxide of zinc. Antimony 
also, if administered, appears in the milk. The statements with 
regard to mercury are conflicting, but the balance of evidence 
le^s, on the whole, to the conclusion that it is not excreted, 
even in minute quantities, by the mammary glands. Bismuth, 

* **Milk in Health and Disease, by A. H. Smee. London, 1875. 
t ** American Milk Factories,” by X. A. Willard, AM., of Herkemer, 
New York. J<mrn^ Agrk. Soc.^ vih. 1872. 
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when administered, was detected in milk by Marchand, Lewald, 
Chevallier, and Henry. Lewald gave 15 grma of potassium 
iodide to a cow, and its presence for four days afterwards was 
detected in the milk ; 21 grms. were then given, and the drug 
could be detected so long as seventy-two hours afterwarda On 
administering it again, it was found in the milk for eleven days. 


THE QUANTITY OF MILK GIVEN BY THE COW, 

THE METHOD OF FEEDING, &c. 

§ 170. The capacity for milk of the udder of the cow is 
usually estimated at about 3 litres [ 66 of a gallon, or a little 
more than 5 pints]. The quantity of milk secreted is about three 
times this amount, but varying in individual cows, and depending 
on circumstances, such as the breed, the health, the size of the 
cow, the time after parturition, and the nature and quantity of 
the food given. 

§ 171. The breeds in England most approved of are the 
Alderney, Ayrsliire, Holderness, Kerry, and Suliblk. In 
Germany, the ISwiss, Allgauer, and Dutch cows appear to be 
the favourites. Some careful estimates of the amount yielded 
by different breeds of Continental cows have recently been 
published as follows ; — 


TABLE XVIII.— AVERAGE YIELD OF MILK.* 


- 

Litres per 
year. 

Gallons. 

Average 
yield in 
gallons 
per ilay. 

i Ansbacber, 




12S4 

283-07 

•77 

Miirzthaler, 




1500 

330-70 

•90 

Voigtlander, 




1600 

352 76 

•95 

Simznenthaler, . 




1690 

372-59 

1-01 

Saxony, 




2023 

446-01 

1 22 

Walzthaler, 




2272 

500*90 

1*38 

Pinzgiluer, 




2:m 

515-45 

1-40 

Swiss, 




2625 

578*70 

1*60 

A llg&tier-Montafiiner, 




2697 

594-60 

1*62 

AUg&ner, . 




2710 

697-47 

1-62 

Olc&nburger, 

« 



2751 

606-51 

1*65 

Dutch, 




2906 

640*68 

1 74 


* Abi, Agrie. 1877, 238. 


19 
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These breeds, then, are not superior to our own. Tlie 
favourite cow of the London dairymen appears to be the York- 
shire COW', essentially a shorthorn. The average yearly yield is 
from GOO to 700 gals., 16 of these cows giving about 10,000 gals, 
of milk yearly, or 1-7 gal. per day ; individual cows, of course, 
occasionally exceed this. A cow has been known to give daily 
for some time as much as 5 gals, of milk. 

The time elapsing before and after calving causes, as might be 
expected, considerable variation in the mammary secretion, the 
quantity augmenting during the first two or tliree^ weeks, and 
diminishing towards the end of the third or fourth month. To- 
w'ards the seventh month the quantity sinks to oue-half, and in 
the ninth and tenth months it is often reduced to three-quarters 
of the quantity secreted at first. On the approacli of calving, 
the milk ceases altogether. 

The age of the animal has some influence, very young cow^s 
secreting less than mature adult cows. It is also found that, 
ccBteris jjarihiSy the larger the cow the greater the yield of milk. 
Mr. Ockle of Frankenfeld took four Dutch milking cows, two 
weighed 2112 lbs., and two others only 1537 lbs.; he fed them 
on the same food, and submitted them to similar conditions for 
sixteen days. The results of this experiment are embodied in 
the following table* : — 


No. 

Two heavy cows, 
Two light ,, 


Two heavy cows. 
Two light „ 


Weight at com- 
zuo.ncenioDt of 
experimont. 

2112 

1537 


Weight at 
eud. 


lb». 

2102 

1537 


Green rnicemo 
conHuniud. 


lb». 

4921 * 
3859 


Prodneo 
uf milk. 

Jb». 

68 

48 


» • • • 


Produce in milk 
poi* IW I bn. 
Green Lucerne. 
Galls. Pints. Ozs. 

1 3 16 

1 II 16 


Lucerne consumed 

} )er lOd llw. 

Ivo weight. 

14*6 lbs. 

16 -0 lbs. 


§ 172. The feeding of milking-cows varies somewhat according 
to local cupcumstances. In town dairies brewers^ grains are 
much in use, and one to two bushels are given daily, besides 
mangolds, hay, and meal to each cow. A very common course 
of home-feeding is as follows :f — At 4 a.m. the cow receives two 
or three pecks of grass, immediately after being milked, then 4 
to 5 lbs. of hay; at 9 a.m., from 20 to 26 lbs. of chopped mangolds, 
and another 3 to 4 lbs. of hay; at 1 p.m. there is a second milking; 
another similar feed follows, and she is given plenty of water. If 


♦ On Milk, by Dr. A. Voelcker, Joum. Agrkult Soe,^ xxiv., 1863* 
t T. Camngton ; Joum* Agticult. Soe,, xiv*, 1878, p. 670. 
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oil-cako is used, 3 to 4 lbs. a day are given either with the 
mangolds, or in a gruel with the grains. In the country the 
chief dependence is placed on hay, mangolds, barley-meal and 
bean or Indian flour ; in the summer, abundance of green food 
is given, such as clover, vetches, cabbage, &c. 


CREAM. 

§ 173. Milk on being allowed to rest for some time becomes 
covered with a yellow fatty layer, known as cream. In compo- 
sition it fairly agrees with ordinary milk, save that it contains 
a large percentage of fat, and that there is also a somewhat 
relatively higher percentage of caseine and albumen. The albu- 
minoids have a tendency to separate partially, and mechani- 
cally adhere to the fat ; for example, the author found the average 


composition of Devon cream as follows 

I — 

Per cent 

Milk-fat, 


65 011 

Caseine, 


3*530 

Albumen, 


*521 

Galactiue, ..... 


•050 

Lactochrome, .... 


Undetermined 

Milk-sugar, .... 


1 *723 

Water, 


28*675 

Ash, 

Chlorine in Ash, 

•ois 

'490 

Calcic Phosphate, 

•373 



It will thus be seen that the milk has thrown up caseine with 
the fat, for if we allow that ordinary milk contains 86*87 of 
water and 3*98 per cent, of caseine, then the amount of caseine 
in the cream, if none were separated, would be — 

Water. Caseine. Water. Caseine. 

86*87 : 3*98 : 28*675 = 1*31 

But the cream, instead of containing 1*31 per cent, actually 
contains 2*22 in excess of this quantity. 

The amount of albumen strictly follows the caseine, for the 
ratio of caseine to albumen in milk being as 3*88 is to *77, the 
theoretical yield of albumen in this particular case would be *66, 
the amount actually found being about *1 per cent* lower than 
this estimate. 
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If the composition of the Devon cream shows olearlj that 
there is some considerable separation of the oaseine, the milh- 
sogar follows very closely the proportions one would expeet to 
find from the amount of water ; for, taking the average of 4'0 of 
milk-sugar dissolved in 86*87 of water, we get in the present 
case — 

Water. Sugar. Water. Sugar. 

86-87 : 4*0 : 28*7 = 1*3 

which does not deviate very considerably from the numbers 
actually obtained — viz., 1*723. 

Devon cream is of the consistence of a soft paste, and is 
covered with a skin-like layer of partially dried caseous and 
fatty matter. TJiis cream is produced by keeping the milk 
in large pans, at a gentle heat, for many hours. The 
temperature is always far under boiling ]>oint, yet prolmbly 
sufficiently high to arrest fermentation. This application of a 
moderate heat during a lengthened time causes the fat to 
coalesce and rise more rajudly than the ordinary method. Such 
cream iS preserved in some degree from the infection of the 
lactic ferment, and will keep perfectly SNveet many days, even 
in warm weather, provided always that the layer on the top 
is not destroyed nor disturbed ; as when once this is done, 
especially if the top portion be mixed thoroughly with the rest, 
ia^ic fermentation is very raj>id. 

Ordinary, or raw cream, is either cream raised in the ordinary 
way, that is, by allowing the milk to rest undisturbed at the 
ordinary temperature ; or it is separated by more modem and 
scientific processes, such as the action of cold and centrifugal 
machines. Cream, as thus produced, is a thickisfa, yellowish 
liquid, containing a variable amount of milk-fat, ranging from 
12 to 60 per cent. As a rule the solids not fat ” hold in cream 
the same ratio to the water as in milk ; and similarly the ratios 
between the caseine, albumen, and ash are but little disturbed, 
the caseine, as already remarked, being in slight excess. 

The results of thirty-six analyses of cream by various chemists 
are thus summarised by Konig — 


Milk-fat, . 

8*17 

Muimam. 

70*20 

Mean, 

25-72 

Albutnincids, 

2*20 

7-40 

3*70 

Sugar, 

Aah, • 

•74 

4*57 

3*54 

•14 

3*49 

*63 

Water, 

. 22*88 

83*23 

66*41 


The analysis of cream presents no difficulty, and is conducted 
bn predselj the same principles as that of milk. A little trouble 
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will be found in drying the cream in order to estimate the water, 
unless, for this purpose, quantities so small as a gramme are taken. 
This, spread out in a thin layer on a platinum dish, dries easily 
enough at the temperature of 100^. Should larger quantities 
for any reason be taken, it will then be necessary to treat the 
cream after partial drying with petroleum ; extract the fat, and 
then dry the fat and the “ solids not fat ” separately — the fat at 
about 105^, the ** solids not fat*’ at 100**; the loss is then considered 
as water. Cream can be also readily dried in a vacuum, as in 
the process given at p. 234. 

The author has met with artificial cream, made of albumen and 
ordinary cream, and coloured feebly with what was probably the 
colon ring>matter of the carrot. With a view to detect this fraud, 
it will bo advisable, in every case, to estimate the albumen, since 
the albumen of milk has a tolerably definite ratio to both the 
cuseine and the water. Thus, in the analysis of milk on p, 278, 
before the cream was abstracted, the proportion of milk-fat to 
water was as *68 to 87’55, or *77 to 100 of w^ater ; while, in the 
cream, the fat was in the proportion of *57 to 100 of water ; in 
other words, the values in each case fairly agreed. The ratio of 
the albumen, also, to the caseine, which in the milk before skim- 
ming was 1:4, in the cream was 1 :5‘8. In creams made up 
from white of eggs, <&€., these relations by no means hold good ; 
the albumen may predominate above the caseine, or be nearly 
equal to it in quantity. Great caution must, ho>vever, be taken 
in the using of certificates based solely on high albumen ; for it 
may occasionally be a natural product, although it may well be 
doubted whether a cow secreting albumen instead of caseine, or 
in fourfold amount, is not either locally or generally diseased. 


SKIM-MILK. 

§ 174. Skim-milk is simply milk which has been partiallj 
deprived of milk-fat. The processes in use are somewhat 
various. The old-fashioned method of allowing milk to stand, 
and then removing the cream from the sur&ce by skimming, is 
giving ^ace, in large establishments, to centrifugal apparatus, 
by which a far more perfect separation of the milk-fot is effect^ 
The composition of skim-milk compared with the milk in its 
original state is well seen in the following analyses by W. 
Fleisehmann 
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Fredi Milk. 

Cream. 

Skim-Milk. 

Fat, . 

3*64 

67*63 

•46 

Caseine, 

2-73 

M7 

2*88 

Albumen, 

•68 

•25 

•49 

Suw, 

Ash, 

4*69 

2*25 

5*34 

•71 

•12 

•72 

Water, 

. 87*55 

28-58 

9011 

Total solids, 

. 12*45 

71*42 

9.89 

“ I^Hda not fst,” 

8*81 

3*79 

043 


Thus, by the operation the pro|M)rtion of ** solids not fat ** has 
been somewhat raised, and this is constantly observed, so that 
the Public Analysts Society's limit of 9 per cent, of solids not 
fat ” is a trifle too low for skim-milk ; that is, a sliglitly watered 
milk, when skimmed and sold as skim-milk, might be found u]> 
to the standard. 


CONDENSED MILKS. 

§ 175. A variety of condensed milks ” are found in com- 
merce, of which the majority are simply milks dried in vaevo at 
a moderate temperature, then heated up to lOO'^, in order to 
destroy mould, and mixed with cane-sugar. Tliere arc also 
concentrated or condensed milks without any addition of sugar 
or other substance. The analysis of condensed milks differs in 
no respect from that of ordinary milk, save that it will be abso- 
lutely necessary to estimate the milk-sugar by copper, and then 
to calculate the cane-sugar either by difference or in tlie way 
given at p. 262. Unless the cane-sugar is estimated, it is not 
possible to calculate the amount of concentration to whicli the 
original milk has been subjected. This calculation is made by 
dividing the milk ^‘solids not fat*' by 9, or the amount of 
“ solids not fat ** present in ordinary milk. It is better to take 
this number than the higlier estimate of 9*2 or 9*3 ;* for, in the 
majority of instances, it is certain that there is some decomposi- 
tion and loss of the milk solids during the evaporation. The ash 
of the milk should a].so be carefully examined for alkaline car- 
bonates. If these are present, then the probability is that an 
impure ash-containing cane-sugar has been employed, and if so, 
an exact conclusion as to the concentration of the milk cannot 
be arrived at. The following table gives some analyses of con- 
densed milks, with their amount of concentration, the latter 
being determined by dividing the solids not fat *’ column, as 
just stated, by 9 : — 

In the original analyses by Mr. Hehner, quoted in the table, he appears 
to have dividea by the higher number —viz., 9*3. 
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CONDENSED MILK. 
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It is obvious that by the use of the last column, the proper 
quantity of water to add to the condensed milk, in order to pro- 
duce ordinary cows' milk, is at once seen. Thus (taking the first 
milk in the table), since a sample of Anglo-Swiss milk was con- 
centrated 2*96, a pound of such milk would, by the addition of 
water, have to be made up to 2*96, or very nearly 3 pounds. 
It will be a question for the analyst to consider whether, in 
^view of the misstatements as to the concentration of the milk 
to be found on many labelled tins of condensed milks, such 
assertions are not in their nature misleading, and whether they 
do not, therefore, come under the Sale of Food and Drugs Act. 


KOUMISS. 

§ 176. Koumiss is an alcoholic drink made by the fermenta- 
tion of milk ; it is prepared by the nomad population of Asia 
(especially by the Tartars) from the milk of the mare and 
that of the camel : it is also manufactured from cows’ milk. 
The preparation of koumiss by the Tartai-s is very simple : 
ten parts of fresh warm milk, with a little sugar, are added 
to one part of milk which is already sour — tliat is, which 
contains lactic ferment — and the whole is allowed to rest for two 
or three hours with repeated stirring. The chemical changes 
taking place seem to bo a partial decomposition of the sugar into 
lactic acid, the development of carbon dioxide and alcohol, and 
possibly certain changes in the albuminoids, changing them partly 
into peptones. The composition of koumiss, since it may be 
derived from such difierent sources, is variable. A few analy.sos 
are as follows : — 


I 

i 

( 

Mean of 
ten analyses. 
KUuig. 

Koumiss from 
mat SB* milk. 
W.Fleiscbmaon 

Koumiss from 
coWH* milk 
W.Fleisohmann 

Koumiss 

4B lionrB did. 

J. A. Wauklyn. 

Water, 

« 

87*88 

91*53 

88-93 

87-32 

Milk-sugar, 

9 

3 76 

1*25 

3*11 1 


Lactic acid. 


1*06 

101 

•79} 

O AlU 

Caseine, 

• 

2*83 

IDI 

2:03 

2*84 

Miik-fftt, 

• 

•94 

1-27 

•86 

•68 

Alcoboh 

s 

1-69 

1-85 

2 65 

1-00 

Carbouio acid, 

s' 

*88 

•88 

1*03 

•90 

Ash, a 

• 

1-07 

•29 

•44 

•66 


In the koumiss from cows’ milk, Fleifichmanii separated *166 
per cent, of gly cerinei 




§m.] 


LEGAL CASES EELATIVE TO MILK. 


281 


LEGAL CASES RELATIVE TO MILK. 

§ 177. The following convictions are of interest : — 

A ppeal in which the defmce was, i/iat the milk had been deprived of cream 
from being unintentionally eldmmed by serving the cuntomers. 

This case occurred at the Liverpool Sessions, and is fully reported in the 
Analynt, 1877, p. 214. 

Dr. Campbell Brown [iroved that the milk was deprived of its cream, the 
appellant atfirmint; that the milk had been put into an eighteen-galion can, 
without the slightest sophistication, and that the cream had been abstracted 
by serving the customers. 

The Llocorder said. Nobody would convince him that a milk-dealer could 
not, if he liked, take care that each of his customers should get a fair pro- 
portion of cream. . . . He was i)erfectly certain that the milk had not 

been skimmed, but that it had been weakened by the process of selling to 
the earlier customers. He was certain that when the appellant sold the 
milk to the earlier customers, he knew he was abstracting the cream from it — 
not skimming the milk, but abstracting the cream, although with no fraudulent 
intention. He was equally certain, tw, that the a[mellant sold the residuum 
of the milk, knowing that it had b^n reduced to tiie condition in which it 
was when he sold it. He was quite satisfied, therefore, that an offence had 
been committed against the Act of Farliameut. . . . The conviction 

was confirmed. 

Tho officials at Somerset House have, in an appeal case, also declared their 
l«elief in the fact that milk on being served from a can, in the usual way, 
may have the to() layer of cream entirely abstracted. The writer has 
always had doubts about this, for the difference of specific gravity betw'een 
the cream and tho solution of the other milk solids is not great, and the 
mere use of a dip) ter in serving the milk stirs it up sufficiently to render 
this removal iiii probable. We have, however, at least, one definite experi- 
ment on tills subiect. 

Mr. Carter Bell states,* **One day in July I bought two gallons of milk,, 
and analysed it, and found 100 cc. to have the comfKisition of— 

Total solids, 12*30 

Fat, 2*70 

•* Solids not fat,” 9*60 

llie milk was put in the cellar, and at every hour from nine in the morning 
till twelve o'clock at night, one pint of milk was taken out at the commence- 
ment of each hour, and a portion of each pint was analysed, in taking out 
tho pint, great care was taken not to stir the milk, the measure was 
simply dipfied into the milk and taken out. The whole ex|)eriment was 
conducted throughout in favour of the milkman, and accordiug to these 
experiments it is more advantageous for customers to be late than early.** 


8 o'clock in the morning,. 


Total Rolida 
12*30 

Fat 

2*70 

9 


12*68 

308 

10 


12*68 

308 

11 


12-70 

3-10 

12 


12-70 

3-10 


• Analysis No. 21, Deoember, 1877, p. 162. 
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1 p.in., 






Total solids. 

. 12-24 

F,\t. 

2*64 

2 „ 






12-30 

2-70 

3 „ 






12-28 

268 

4 „ 






12*88 

3*28 

5 „ 






12-80 

3-28 

6 „ 






12-40 

2-80 

7 „ 






12*54 

2*94 

8 






12*30 

2*70 

9 » 






. 12*48 

2-88 

10 „ 






. 12*88 

3-28 

n .. 






. 12*60 

3-00 

12 






12-90 

3*30 


Manufacture of New Milhfrom Condensed, 

The only interest of the following case lies in the revelation it affords of 
the tricks of the trade. A man was summoned hy his employer, a dairyman, 
for adding dirty 'water to milk. The prisoner did not deny the accusation, 
but cross-examined the prosecutor, to show that the latter had bwn 
in the habit of making his men, when the milk ran short, mix with 
water a quantity of white stuff that was ke})t in tlie cellar, and take out 
to the customers to make good the deficiency in the supply of good milk. 
The process he called **the fake'* of the trade. The prosecutor admitted 
that ne kept condeosed milk to make up the supply when the demand was 
too great, the “ white stuff*' referred to by the pKsonor,* 


Novel Defence, 

A defence was set up, in a Swansea case, that the iwverty of the milk W'as 
owing to its having been taken fksn a cow a few hours only after she had 
been milked dry. Mr. Morgan instituted experiments on this point In 
eighteen experiments on the same cow the following results were noteil : — t 


Total solids — 


Highest, 

Lowest, 

Average, . . . . . 

17-60 

12- 59 

13- 93 

Fat- 


Highest, 

Lowest, 

Average^ 

8-60 
i 2-96 

4-41 

SbUds not fat— 


Highest, 

Lowest ..... 

Average^ 

9-95 

9*00 

9*62 


^ AnaJi^ iL, 1878, 184. 

t Prooudings qfSodetp <if Public Analycis^ i, 1878» p. 191. 
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Adulteration qf MUk wUh Cane Sugar and Water, 


At the Colomb Pet^ SesBions, in Jan. 7, 1879, a milk>dealer was sum- 
moned for tite above offence. The composition of the milk was : — 


Water 87*63 

Milk-fat, 3*00 

Caseine, 2*90 

Cane sugar, 2*80 

Milk-sugar, 3*10 

Ash, *37 


The summons was dismissed on the ground (which has since become unten- 
able) that the purchase being admittedly for analysis and not for consump- 
tion, the purchaser was “not prejudiced .” — A nalyst, 1879. 


Defence that Rain had increased tlue quantity of Water, 

In December, 1880, a cowkeeper of Hull was summoned for selling milk 
a<1ulterated with 10 xxir cent, of water. The defendant aflBrmed that whilst 
milking the cows in the field on the morning in question, it rained very 
heavily, and he thought that about a pint of water fell into each of the 
milking buckets. The court did not consider the defence valid, and con- 
victed and fined the defendant. — Analyst, 1880. 


Conviction for selling Milk, 

In August, 1877, a dairy proprietor of Dublin was prosecuted for selling 
milk deprived of its cream. The defendant stated that it was “ fore ” milk, 
and that he had sold the “ strippings ” as cream. Tlie magistrate expressed 
his opinion that the milk sliould be sold w’hole, — i,e,, with "both “fore” milk 
and “ strippings,” and fined tbe defendant £10.* 

Diseased Milk. 

At the Woolwich Police Conrt, in December, 1875, a dairyman was con- 
victed and fined £20 for selling diseased milk. Mr. Wigner, the analyst, 
proved that the sample had a peculiar colour, and that it contained no less 
than 13 i>er cent, of fat, 8*2 “solids not fat,” and 20 i>er cent, of blood. Other 
witnesses proved that the defendant had a number of cows, and at least one 
of them was suffering from foot-and-mouth disease. There was practically 
no defence, t 


BIBLIOGRAPHY. 

The general treatises ennmerated at page 43, all contain articles 
on milk, and may be consulted. The limits of this wort preclude 
an exhaustive bibliography on milk — a list of the more important 
X>apers which have been consulted in the writing of the sections 
on milk would alone occupy more than a dozen pages. Hence it 
will be necessary to limit the list to the papei*s which have appeared 
shice 1870. 

* Analyst, i., 1877, p. 82. 

t Conviction for Selling MUk gelded by a Cow wffering from Disease, 
London, 1876. 
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BUTTER. 


§ 178. ConstituenU of Butter . — In the manufacture of butter 
the cream is violently agitated in a chiirn or other suitable appa- 
ratus> and in this manner the thin membrane* enclosing the 
glof>ule8 is su[)posed to be ruptured. The free fat then coalesces, 
entangling with it some^ caseine and serum ; the butter is well 
pressed together to free it as much as possible from moisture, and 
salt added to assist its preservation. Butter, therefore, is com- 
posed principally of miik-fat, with a small and variable quantity 
of water, caseine, and ash, the latter consisting chiefly, but not 
entirely, of the salt added. 

The of butter consists of a mixture of the glycerides of 

the fatty acids — palmitic, stearic, and oleic — not soluble in water; 
and also of the glycerides of certain soluble and volatile fatty 
acids, princij>aliy butyric, with small quantities of caproic, cap- 
rylic, and capric acids. It is the association of about 7*8 per cent, 
of the triglycerides of these volatile acids with the glycerides of 
the insoluble acids, which gives to butter fat its peculiar and 
distinctive characters. 

The different constituents, as well as the physical character- 
istics, of butter or milk-fat have been already described at p. 203 
et seq. 

The general composition of butter fat appears to be as fol- 
lows : — 

Glycerides Equal to Fatty Acids. 

Olein, . 42*21 = Oleic Acid, . 40*40 

Stearin and J J Stearic and Pal- 

Palinitin, | w | mitic Acids, . 47*50 


Butyrin, . 7 *69 

Oaproi]^ 

Caprylin, and ^ *10 

Kutm, 


87 *90 Total insoluble aolida 
Butyric Acid, . 6*72 

Caproic, 

Caprylic and Rutic 
Acids, . 


100*00 = 04*62 Total aoids, cahm- 

lating soluble as 
butyrio. 

Pure, dry butter fat, melted at a heat not exceeding 100® Fabt., 
has at that temperature a specific gravity ranging from *91200 
to *91400 ; its fusing point, taken in the manner to be described, 
ranges fttm 33**9 to 36* *6 C. 

* Reasons for doubts as to the existence of this membrane are jpvfoi sA 
page202L 
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The relative propoiiiions of fat, caseine, and salt, in genuine 
butters, may be gathered from the following table, in which it is 
seen that the butter fat ranges from about 82 to nearly 87*5, the 
avei*age given by Angell and Hehner being 85*45 per cent.; — 


i 

Normandy 
Butter. 
Angell and 
Uelmer. 

A Sample 
of Frenh 
Butter. 
Angell and 
llehner. 


Butter 

from 

Oiiildford. 

Angell and 

llehner. 

Butter 
from Win- 
eheHter. 
Angell and 
llehner. 

Mean of 
Eighty- 
nine 

Analyses. 

KUnig. 

Fat, .... 
Cuid, .... 
Salt (Ash), . . 

Water, . . . 

i Milk-sacrar, . . 

! 


83-871 

2-721 

0424 

12*984 

84*740 

3-462 

2*089 

9*709 

85-480 

2- 789 

3- 151 
8*580 

87-223 

2 054 
2*108 
8*615 

1 

1 

8311 

•86 

1*19 

14*14 

*70 


OLEO-MARGARlNE,~BUTTERINE. 

§ 179. Oleo-Margarine, Dutch butter, butterine, edible fat, 
and similar appellations, all denote diflerent varieties of a manu- 
factured article made expressly to imitate butter.* It is an im- 
portant industry in the States, and is also largely produced in 
Holland (hence the name of Dutch butter) and in Belgium. As 
manufactured in Chicago, it would appear to be, at all events, a 
cleanly article. Animal life is plentiful in the States ; American 
technical operations are on a gigantic scale, and too much capital 
is involved in the matter to allow of the use of any process 
likely to disgust the consumers. The chief constituent used is 
beef-fat, which consists for the most part of stearin, marganne, 
(so-called), and olein. The olein and margarine melt at a much 
lower temperature than the stearin. Mutton-fat contains more 
stearin than beef-fat ; hence, in summer, the softness of beef- 
dripping as compared with the solidity of mutton-fat. This is 
obviously the reason why the manufacturer prefers beef-fat. The 
process of manufacture is briefly as follows : — The beef-fat, freed 
first as much as possible from fibre, passes in a very finely 
divided state from a sort of mincing-machine, technically called a 
“ hasher,’* to large tanks, where it is melted by means of water- 
jackets applied to the tanks, and heated to a temperature never 

* M6ge Mouriea, a chemist, appears to have been the first who proposed 
the manufactare of artificial butter. It came first into commerce about the 
year 1872. 
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allowed to exceed 39^. The result of this process is, that the 
fat melts to a clear yellow oil, the water and debris sinking to the 
bottom, and a thin scum of impurities rising to the surfaee. 
The latter is skimmed off, and the yellow oil run into wooden 
cars, in which the stearin, after a little time, begins to deposit 
in a more qr less crystalline or granular condition ; the refined 
fat is then put in a press-room, and kept at a temperature of from 
26*^ *6 to 32* *2. The olco-margarine is filtered through cotton 
cloths, and ultimately pressed ; the result of which is, that the 
stearin is left behind as a white cake, and is ultimately disposed 
of to the candle-maker. The oleo-margarine, at this stage, is 
quite tasteless, and has no flavour of butter. This flavour 
is given by churning it with milk ; lastly, the product is 
coloured with annatto, and rolled with ice, after which it is 
eitlier made up into pounds, or packed into kegs for export. 
Arrived in this country, it is either sold honestly as “ butterine,” 
at the price of about a shilling per pound ; fraudulently, at a 
higlier price, as butter ; or it is used as an adulterant of butter. 
Tlie chemical proportions of the artificial butter vary according 
to the fats used in the manufacture and the details of the process 
em})loyed ; but they all agree in this, that when the butter is 
sa})onified and the acids set free, there is a great deficiency of 
soluble fatty acids, as compared with those of true butter-fat. 

The average percentage composition of diy butterine-fat is as 
follows ; — 

Palmitin, •••«•• 22*3 

Stearin, 46 9 

Olein, ....... 30*4 

Butyrin, Caproin, and Caprylin, . . *4 

While the proximate analysis of commercial butterine is as fol- 
lows : — 

Water, 12*01 

Paltni^, 18*31 

Stearin 38*50 

Olein 24*95 

Butyrin, Caproin, rand Caprylin, . . *26 

Caseine, *74 

Salts, • 5*22 


ANALYSIS AND ADULTERATION OF BUTTER. 

§ 180 . The only common adulterations of butter are the sub- 
stitution or admixture of fats other than butter, and of water, 
the latter being either left in the butter in undue propoi^pU 
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through fotilty manufacture, or fraudulently added. The addition 
of mineral substances, flour, and other articles enumerated by 
different writers, is at the present day very rare. The analysis 
of butter naturally divides itself into-^l.) The general examinsr 
tion and analysis ; and, (2.) The investigation of the* fat. 

1. The General Examination and Analysia of — The 

colour, taste, and odour of the sample should, of. course, be 
noted. It will also be found useful to examine it in thin layers 
microscopically. If it has been mixed by fusion with any fat, 
and cooled slowly, crystals may be discovered. The best way to 
seek these crystals is to place a minute portion of the fat on a 
slide, add a drop of castor or olive oil, press the thin disc of 
covering glass so as to get a very thin layer, and examine by 
jiolarised light. Under such circumstances, if crystals should be 
present, there will be seen dark crosses similar to those in 
potato starch. Such crystals are suspicious, because they show 
that the butter has been melted; and it certainly must be a most 
unusual process to melt butter save for the purpose of mixing 
with other fats. The rare adulteration of any otiier substance, 
such as starches, <&c., by mechanical admixture, cannot fail to be 
detected by the microscope. 

TIte Proximate A tiah/sis of Butter — that is, the sepamtion of 
butter into mineral matters, caseine, butter-fat, and water, is 
very readily pei'formed, 

10 to 20 grms. of the butter are weighed into a counterpoised 
porcelain dish, and melted over a low gas flame, keeping the butter 
at any temperature between 105® and 110®, with constant stir- 
ring, until all eflfervescence has ceased. (By using a thermometer 
as a stiiTer this is easily effected.) The weighing of the disli and 
its contents when cool, subtracted from tlio first weight, gives 
the loss equalling the water, and it may be worked into per 
centage. Keeping the butter for a considerable time at 100®, or 
above, must be avoided, for it increases the weight. Tlie follow- 
ing is an experiment by Dr. Milne:— 

Fore butter-fat weighed,. . • . 

„ * after half an hour heating 

in the water-bath, 

„ after two hours, « 

„ after one hour at 1 10* . 

„ after one hour rising 

to 116% . 

method has the merit of expedition, and it is 
tolerably accurate; but the water may also be estimated by 
placung about 1 grm. of the butter fat in a large platinum dish, so 
thi^ fat forms a thin layer, and then exposing it to the heat 


30*1840 gnus. 

30*1832 „ 
30 1864 „ 
30*1984 „ 

30*2036 „ 
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of the water-bath until it ceases to lose weight. The fat is next 
melted from the curd and salt (both of which settle to the bottom), ^ 
and is poured off as far as possible, the residue being thoroughly 
exhausted by boiling benzine, ether, or petroleum, which dan be 
effected, if care is taken, in the same dish without transference 
to a filter.®^ On now w'eighing, the loss equals the fat. Lastly, 
the curd is burnt away at a low red heat, and the ash weighed. 

The general analysis finished, it relnains to consider the 
results: — 

(1.) Fat , — The fat should not be below 80 per cent.; any 
figure under this should justly be considered evidence of adul- 
teration. 

(2.) Water , — There is no standard followed or fixed with 
regard to the percentage of w'ater. In those cases in which the 
fat is below 80 per cent., the deficiency of fat is usually from 
excess of water ; and seeing the variable quantity of w’ater found 
in butter, it is wisest not to certify on the ground of water alone, 
unless there is sufficient to lower the percentage of fat below 80 
per cent. 

(3.) Caseine . — The average quantity of caseine is 2*5 per cent., 
but it may reach 6 to 7 per cent., and the higher the percentage 
of caseine the less likely is a butter to keep, although this usually 
is evidence of error in the manufacture ratlier than of adul- 
teration. 

(4.) The Ash , — This should consist of common salt and phos- 
phate of lime. Butter is said to be adulterated occasionally with 
sodium silicate, and therefore the ash sliould be fused with sodic 
carbonate, dissolved in hycTrochloric acid, evaporated to dryness, 
and dis.solved in water. Any residue will consist of silica. If 
other mineral adulteration is suspected, a complete analysis of 
the ash may be necessary (see p. 100). There is no definite 
standard fixed with regard to the weight of the ash, but most 
chemists agree that it should not exceed 8 per cent. 

The following are a few examples of adulterated butters, the 
adulteration being detected simply from the proximate analysis : — 


• 

Devon Butter. 

Devon Butter. 

A Siinirle of 
Butter. 
(Angell and 
Hchuor.) 

A Sample of 
Butter. 
(An^U and 
llehner.) 

Fat, 

— 

76-34 

67-580 

47-019 

Caseine, . 


G-fiO 

6-880 

. 7-854 

Water, . 

Bin B 

13-36 

23-981 

42-368 

Salt, . 

2-68 

3-70 

1-559 

2-689 
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2. Eixmnination and Analysis of the Fat — By far tlio most 
important piocess in butter analysis is the examination of the 
fat. The data by which the anah^st judges whether a butter 
consists of foreign fats entirely or partly, are derived from — 
(tt.) The pattern of the melted fat when dropped on water; (6.) 
certain simple tests ; (c.) the melting-point ; (J.) tfc relative 
proportion of soluble and insoluble fatty acids. For many of 
these tests, the first requisite is a pure dry fiit. This is easily 
accomx>Iished by melting a sufficient quantity of the butter over 
the water-bath. In a short time the \vatcr, curd, and salt, sink 
to the bottom, and the nearly pure fat can be poured otK Should 
it not be clear, it must be filtered through filtering paper or 
glass-wool. This operation will necessitate the filter being kept 
warm in a suitable steam-jacket. 

§ 181. (a.) The Author^ s Pattern Frocess, — In the winter of 1880 
the author made various experiments on buttor-fat, and dis- 
covered the curious fiict that all solid fats, when melted and 
dropped on to water, the temperature of wJiieh is low enough 
to ensure their solidification, set in a definite form or pattern. 
To attain success, it is necessary that the fat as well as the water 
be of a certain temperature ; but with many of tlm glycerides 
and mixtures of glycerides, such, for example?, as butter, butter- 
ine, dripping, &c., the rnnge is very wide ; so that if the fat is 
perfectly fluid, and within ono or two degrees of 100% the water 
ranging from 0^ to 15% a pattern more or less j)ei’fect is obtainable. 

Each fat appears to have its own distinctive pattern, and can 
be identified, by its pattern alone. On the other hand, each fat 
lias a variety of patterns, for every alteration of the experi- 
mental conditions modifies more or less the form of congealed 
drops. If, however, the conditions under which each experi- 
ment is performed are precisely similar, then there is no difficulty 
in obtaining the same form, or at least very similar forms, any 
number of times. 

The chief modifying conditions are the difference of tempera- 
ture between the fluid fat and the water, and the height from 
which the fat falls. I have found that from 3 to 4 inches is the 
best height, and that a greater fall than tliis tends to spread the 
films out, and renders all patterns more or less similar. 

Referring to individual forms — 

Butter. — The experiments were made on several samples of 
butter, whose genuineness had been proved by analysis. The 
fat lYas melted and filtered, and kept in an air-bath at tempera- 
tures of from 40® to 80% and then dropped from a clean warm 
glass rod on to water of from 10® to 15®. The most common and 
distinctive' form attained in this way was that of a beautiful 
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foliated film, not unlike the leaf of a pelargonium. Tim film may 
be ti*ansferred direct to the lithographic stone, and one may thus 
have a direct impression and a permanent record. The details of 
delicate veining are, a.s might be expected, lost. Tlie best pattern 
temperature for butter is 55®, the water being at 10® ; but regular 
forms nia^be obtained up to 100®. At higher temperatures success 
is rare. I found that although butter of 40® to 50® when dropped 
on to water of 10® sets in a radiated star form, yet when dropped 
on to water of 8®, although momentarily there was a beautiful 
complicated foliation with many radiating wings, these wings 
suddenly mutually repelled each other, and the pattern fell, or 
rather flew to pieces. Glass plates were prepared chemically 
clean by first treating with alcoholic soda and then w’ashing 
them Avith ether j the plate was next dipped into water, and 
thus a thin water film obtained. On this perfectly smooth wet 
surface, butter and otber fats were dropped. In the case of 
butttu’, the pattern lost much of its beauty, but was always very 
regular in outline. Butter films art? of extreme tenuity, and 
although several attempts to photograph tliem were made, the 
light passed through almost as perfectly as through glass, there* 
fore the pliotographic shadows Avere too indistinct to make any 
use of. 

Butterine , — The various mixtures of animal fats in the market 
known as butterine, or artificial butter, give by no means iden- 
tical }»atterns, for they vary much in composition ; but in each 
case the form can be distinguished from the butter films, and 
fi'om the pattern alone it is alw^ays possible, and often very easy, 
to say whether a given film is butter or not. The best method 
to distinguish the artificial from the genuine product, is to take 
pure butter-fat and the suspected sample, and after melting 
them each at the same temperature, to droj) them on to the same 
glass plate side by side : the butterine pattern is full of minute 
crystals ; the butter pattern lias no crystals. The pattern of 
ono sample of butterine was found to be identical with that of 
tallow — little white dots containing bunches of crystals (see the 
photograph, No. 1, TMom). 

TalUm , — One form of tallow pattern has just been alluded to. 
It is the most common form w^hen melted tallow falls on water. 
This fat of high molting point is a good illustration of the many 
forms which may be produced at difterent temperatures. Thus, 
at 0® the fat sets on water in circular indistinct drops, but 
when more fluid, and dropped on glass, its pattern is distinct 
and crystalline. 

Paraffin, giving no pattern by itself, when mixed vdth. other 
animal fats, as may be expected, profoundly modifies the film. 
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Equal parts of paraffin and stearic acid, for example, give by 
suitable treatment a i)attern in the shape of a broad cross. 
With reference to the fat patterns of spermaceti, stearic acid, and 
generally fats of high melting points, it need scarcely be said that 
xt is impossible to obtain them % dropping the fat on to cold water. 
Such a proceeding only gives a shapeless mass. To b^ successful 
it is absolutely essential that the water of the glass plate should 
be warm. For example, sj)ermaceti gives no definite form wluiii 
melted at 100®, and dropped on to cold water, or even water of 
60° j the water must be heated up to 80° or 90° for a good result 
to be obtained. Very beautiful lace patterns are produced by 
wetting a warm glass plate with absolute alcohol, and dropping 
tallow, steaiic acid, or spermaceti upon it ; all the finer portions 
of the film are at once dissolved, while the veins and denser por- 
tions remain, reminding one of skeleton leaves (sec photograph No, 
2, Sim'maceti)\ the thin films of butterino, dripping, and similar 
substances will not stand this treatment, but are at once dissolved. 

§ 182. Cohesion Figures , — Tomlinson {Phil, May,, 1861 and 
1862), some years ago, drew attention to the j^eculiar cohesion 
figures of various liquids and oils ; but the patterns of the solid 
fats, when melted and dropped on to warm water, do not appear 
to have received any consideration. The author finds, how- 
ever, that each solid fat behaves differently, and may also 
in this way be identified, and any admixture genemlly be 
coiTectly surmised. Should the Avater bo at such a tempera- 
ture as to keep the fat very fluid, it rapidly spreads over 
the surface of the water, breaks up into lacuna?, shows a 
beautiful iridescence, and the phenomena are over so rapidly 
as to leave but little impression on the memory. The author, 
therefore, prefers to operate at temperatures just sufficient to 
keep the fat a little fiuid, so that the action takes place in a 
slow, regular, and methodical manner. As an example, one 
experiment may bo detailed. Filtered pure butter-fat, butter 
adulterated with 5, and Avitli 10, per cent, of lard, and lard 
itself, were all put in the same air-bath and brought tp 65® -6. 
A large flat dish made chemically clean was filled witli water of 
44°, and a single drop of each of the four fats was dropped 
simultaneously on the surface of the water, and their behaviour 
noted. The butter-drop immediately spread itself out into a 
thin film, became agitated by a rapid circular motion, and threw 
off minute droplets of butter-fat. The motion gradually ceased, 
the drop extended itself, became in*egular in outline, crenated 
at the edges, and then contraction took place. At this stage 
its appearance was that of an in*egular square, surrounded by 
small circles At distances from the central square and from each 
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otlier of some three diameters. Both butter-drops containing 
5 and 10 per cent, of lard respectively, flattened out with 
extreme slowness, were agitated by a gyratory motion, threw 
off no drojilots of fat, and ultimately also broke up with extreme 
slowness. It was noticed that the 5 per cent, drop was thinner 
and larger than the 10 per cent. The drop of lard underwent 
no alteration, remaining circular and quiescent up to the moment 
of solidification. 

(6.) Otlier Simj)le Tests, — The processes just described require 
little apparatus and skill, and still less is needed in the follow- 
ing test proposed by Hager * : — A bit of wick is inserted into 
melted butter, lighted, and then blown out. If the butter is 
pure there is little odour, but if artificial a strong tallow-like 
smell is Jit once perceived. 

A test .similarly dependent upon odour, is to add a small 
quantity of the butter to a mixture composed of 1 volume of 
pure concentrated sulphuric acid, and 2 volumes of 95*98 per 
cent, alcohol, and to distil j the fir.st two or tlu*ce cc/s are col* 
lected and rubbed in the hands ; the odour is buttery or 
tallowy according to the purity of the sample. 

Donny has also recommended an easy test : a little of the 
sample is heated in a test-tube; pure butter froths or foams 
much, and becomes brown in colour. If it is composed of foreign 
fats, there is but little foaming ; the liquid may, however, 
bump violently, and masses of casoine become browui, while the 
fat itself remains with but little colour. 

W. O. Crook t has experimented upon the solvent action of 
carbolic acid on butter as compared with otlier fats. 1 grm. of 
purified butter-fat is put in a test-tube and liquefied, 2\ cc. 
of carbolic acid solution (10 acid, 1 water) are added, after 
which the mixture is shaken, and then put on one side for a 
little time. If the sample is pure butter, it wholly dissolves ; if 
beef, mutton, or pork-fat is present, the mixture will resolve 
itself into two solutions of different densities, with a clear line 
of demarcation. If beej-fat, the lower layer will occupy about 
49*7 per cent, of the total volume; laixl, 49*6; and mutton, 
44*0. W. Lenz has alscvtried this process, and generally con- 
firms the results obtained by Mr. Crook.J 

* H. Hi^r ; Phamn, Central, Halle, xviij. 413. 

^AnahjH, 1879, 1111. 

t Zeitschnji fur Aiudyt, Chemie, 1880, 370. C. Husson (Compt 
85, 718) has proposed an ancient test deeding on the different solvent pro- 
perties of alcohol for margarine, &c. ; and F. Filsinger has a very siimlar 
method (PJiarm. Central. HaUe, xix., 42). Both these tests, however, are 
of little practical value among such a number of positive reactions. 



294 foods: their composition and analysis. [§ 183. 

§ 183. (c.) TJbQ Melting-Point . — Various methods liavo been pro- 
posed for the determination of the melting-points of fats. The 
one used by most analysts is to take the melting-point in a fine 
tube. A piece of quill-tubing is drawn out, so as to make a tube 
about the diameter of a knitting needle, and from two to three 
inches in length. The fat is now drawn up to the extent of about 
an inch, and permitted to solidify, Tlie tube thus charged is 
placed in some cold water in a small beaker, which is nested 
in a second beaker, a little water being between the two, the 
inner beaker carrying also a thermoiueter. Heat is now applied, 
and the moment the fat runs up the tube the temperature is 
noted. A modification of this process* is to take a short capil- 
lary tube, blow a bulb on it, and while the bulb is still hot, plunge 
the open end into the melted fat ; let it run up a short distance, 
and then solidify the fot l>y the application of cold. To take an 
observation, the tub(^s are placed in water, so that the bulb is 
uppermost ; on melting, the fat runs up into the semi- vacuous 
bulb, and this rise is somewliat more easily observed than in the 
simpler process. 

Another method is the employment of a little bulb weighted 
with mercury, so as to weigh from 3 to 4 grms. ; the bulb rests 
on the surface of the fat in a test-tube, which is immersed in a 
beaker of water provided with a thermometer, and the moment 
the bulb sinks is noted. A modification of this is the employ- 
ment of a light float sunk to the bottom of the fat, and retained 
there until it is solid ; on now applying heat, tlio float rises at a 
certain temperature, whicli is taken as the melting-point. The 
melting-point of various fats is as follows : — 


Butterine, . 

Cocoa Butter, 

Butter (averapjp). 
Beef-dripping, 

Veal -dripping, . 

Mixed, 

liard, from . 

Ox-fat, from about 
Mutton-fat, from about 
Tallow, 


3r-3C. 

34'*t)C. 

35 '^ 

4;r-8C. 

47^*70. 

42" *60. 

42"C. to 45"C. 
48'»C. to 53" -OC. 
50"C. to 51"-GC. 
53" *30. 


It hence follows that a low melting-point indicates the probalde 
presence of butterine, especially that form whicli is partly manu- 
factured from a concrete oil^ obtained from tlie seeds of Garcinia 
Indica^ and is known under the name of Mangosteou oil, or 
kokum butter. A higher melting-point indicates, as a probable 
Itdulterant, dripping, lard, or other animal fat. 

. * p. Kellner, Zeitscl rift fur AraL Clemk, xx. 1. 
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Spedjic Gravity . — Tlio method of obtaining the specific gravity 
of butter-fat is to fill a counterpoised specific gra\ity bottle, 
provided with a thermometer stopper, of 50 to 100 grms. capacity, 
with water of 35'^ (95° Fahr.), and immerse it in a beaker of 
water of about 43° (109°*4 Fahr.) By thus heating the specific 
gravity bottle by a liquid which is falling in temporaturo, the 
water in it can bo brought exactly to 37°*7 (lOO^Fahr.), at which 
temperature the bottle is taken out, slightly cooled and weighed ; 
and in this manner the weight of that particular bulk of water 
at 37^^ *7 (100° Fahr.) is obtained, and this value used for the sub- 
sequent operations. To take the specific gravity of the fat, the 
pure filtered fat, at 35° (05° Fahr.), is poured into the clean dry 
bottle, and the exact process just detailed followed. 

The specific gravity, as first pointed out by Mr. Bell, of Somer- 
set House, has a direct rcdatioii or coiTospondenco to the per- 
centage of insoluble acids, a fact, it must be rcniembcrod, only 
applicable to pure unadulterated butter-fat. Thus — 


Specific Gravity at 

•013S2 

•9134(5 

•91337 

•91200 

•9128(5 

•9127G 

•91258 

•91246 


Actual Infiolnblo 
Acids Found. 
Per cent. 

87-47 

87-89 

87- 98 

88- 48 

88- 52 
88-62 
88-80 

89- 00* 


The fats used for the adulteration of butter are of low density. 
Vegetable butterine has a specific gravity '90294 ; dripping, 
•90669 j so that a low specific gravity — that is, anytliing below 
• 91101 — is strongly indicative of foreign fat. 

Instead of the above method, which requires a considerable 
quantity of material, the density may be approximately taken by 
the well-known specific gravity bubbles, a process which we owe 
to Mr. Wigner. If tlie butter-fat be placed in a wide test-tube, 
and a bubble of the specific gravity, say of -896, bo kept just 
beneath the surface by a thermometer passing through a cork in 
the mouth of the tube, at a certain temperature the bubble will 
slowly sink to the bottom. In butters of *911 density, above 
which a sample may be passed, beads will sink as follows : — 

V<- 

fc ific gravity of heads, -8800 *8896 

l>erature, . . 62°-7 (145°F.) 65°-5 (132“^) 


* Muter, Analyst, 5., p. 7, 1877. 
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If the beads sink at any teinpei*ature lower than these, the 
butter will need further examination by actual determination of 
the fetty acids. As a guide to the gravity, it may be assumed 
that a difierence of one degree in the sinking temperature indi- 
cates *30 actual density, equal to about -35 per cent, fatty acids, 
and nearly 5 per cent, of foreign fats.**^ From some experiments 
by Mr. Jones it would seem that the specific gravity of butter 
increases with age.f 

§ 184. Direct Titration of Butter by Alcoholic Potash — ^This 
elegant test was fii’st suggested by Dr. Koottstorfer, and is a 
general method more or less applicable to all fats, but especially 
suited to butter-fat, for most other fats contain only the higher 
fatty acids, and the lower acids having a smaller molecular 
weight, butter must contain more molecules of acid than equal 
weights of another fat — in other words, I'equircs more potash for 
saponification. Koettstorfer used semi-normal liydrochloric acid 
and an alcoholic solution of potash ; this alkaline solution being 
about the same strength as the acid, the indicator was a dilute 
alcoholic solution of phenol-phtaleiii. From 1 to 2 grms. of the 
purified filtered fat are weighed in a tall beaker of about 70 cc. 
cajiacity, 25 cc. of the potash solution are added, and heated in 
a water-bath. When the alcohol is nearly boiling, the mixture is 
stirred with a glass rod till all the fat is dissolved, which does not 
take more than a minute. The glass rod is washed with a little 
alcohol, and the beaker covered with a watch-glass, and heated 
furtfie^ for 15 minutes, in such a manner that the alcohol docs not 
boil tOKf^iriolently. At the end of the quarter of an hour, the watch- 
glass is washed with spirit, and the alcoholic solution is stirred 
lor one minute longer with the glass rod before used, so as to 
saponify any fat that may still adhere to it. The solution is now 
taken from the ’water-bath ; 1 cc. of alcoholic psolution of phenol- 
phtalein added, and it is titrated back with semi-normal hydro- 
chloric acid. The exact jioint is very sjiarply indicated by the 
pfaenol-phtalein changing from a crimson to a yellow. (This 
reagent is very sensitive to OOg; it is therefore better to use a 
flask than an open beaker.) Thirteen butters heated in this way 
by Dr. Koettstorfer used for every grm. of fat from 221*6 to 
232*4 mgrins. of KHO. 

* 

* A method of taking the sp^ific gravity of fats recommended by Mr. 
Bstcourt {OhenL News, yol. xxxiv^ p. 254) deserves notice. The bulb of a 
WcB^hall’s balance is suspended in a test-tube containing the fat, the test- 
tube itself is itnmersed in a metal tube containing paraifin, and secured in a 
, Water-bath; when the paraffin-bath shows a temperature of 92^*2 (206”Fahr.), 
the weights are adjusted. 

+ 1879, 39. 
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On the other hand^ there is a wide difference between this 
amount and that requii*ed by other fats, the following being 
about the saturation capacity in mgrms. of potash for 1 grm, 
of various fats : — 

Potafih KHO. 

Milligrammes. 


Oleo-margarine, 195*5 

Beef-dripping, . . . . . . . 196*5 

Tallow, 196*8 

Lard from kidneys, 195*8 

Lard from unsmoked bacon, 196*7 

Commercial lard, 195*0 

Dripping, , , 197 '0 


Or if tlie suggestion of Mr. Allen* bo accepted, and the results 
be translated into equivalents of the fat by dividing 56*1 by the 
mgrms. of potash, the results are as follows — 


Oleo-margarine, 286*5 

Beef-dripping, . . . . . . . 285*5 

Tallow, . . . . . . . . , 285*1 

Lard from kidneys, ...... 286*5 

,, „ iin smoked bacon, 286*7 

Commercial lard, 287*1 

Mutton dripping, 284*8 


The chief convenience in expressing the number in equivalents 
is, that it then becomes a matter of indifference whether potash or 
sodat is xised for the saponification. The practical question in 
tlie use of this test is : what is the lowest limit above which a 
batter may be passed as genuine, but below which it will be 
necessary to examine the butter by other means ? The general 
opinion of analysts as to this point is, that butter-fat, 1 grm. of 
which uses less than 226 mgrms. of KIIO (equivalents 248*2), 
is probably adulterated. The formula for calculating the amount 
of admixture which has been proposed is 

(227 ~ X 3*17 

X being the percentage of admixed fat, n the number of mgrms. 
of potasli used. 

§ 185. (d.) The Decomposition of the Fat into Fatty Adds and 
Glycerine , — This is effected by saponifying with an alcoholic 
solution of potash, decomposing the soap with sulphuric acid, 
washing the subsequent fatty acids with water, titrating the 
soluble, and weighing the insoluble acids. The details of the 
process have been so simplified by successive improvements, that 
what was formerly a tedious and even diflSicult operatioii, is now 

* AnoZyflf, 1879, 162. 

+ It is scarcely necessary to add that should soda be used, then 40; the 
equivalont of soda, must be divided by mgrms. of the alkali used. 
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moderately speedy and simple. The solutions requisite are as 
follows : — * 

(1.) Api>roximately semi-normal alcoholic potash solution, 
28 gi’ms., roughly weighed, of KHO, dissolved to a litre with 
alcohol ; specific gravity -840. 

(2.) Approximately semi-normal sulphuric acid — i.c., 25 grms. 
of the strong acid to the litre. 

(3.) Deci-normal soda solution of exact strength, moat con- 
veniently made by dissolving metallic sodium in water, in the 
exact proportion of 2*3 grms. to the litre. [1 cc. eq\ials *0088 
of butyric acid.] 

It is necessary to know with the greatest exactitude the rela- 
tionship between the potash and tiic sulphuric acid solution ; the 
exact quantity of alcoholic potash that is to be used in the analysis 
is delivered from a 25 cc. or 50 cc. pipette, as the case may be, 
phenol-plitaleiii solution added, and then titrated by the acid. 
It is also necessary to know the relationship between the d. n. 
soda and the sulphuric acid, which must also be found in the 
usual way. 4 to 5 grms. of the pure dry fat are weighed by 
difierence into a flask, and 50 cc. of potash solu tion added ; the 
flask, closed by a glass marble, is now heated on tiic top of the 

water oven, and by occasionally 
giving it a rotatory motion, saponi- 
fication is complete under the hour 
at the low temperature of 50“^ 

The autlior does not liimself fol- 
low the above process, but uses the 
strong small assay flasks recom- 
mended by Dr. Dupre. These flasks 
are of about 70 cc. capacity, and 
with rather long narrow necks, the 
whole capable of bearing consider- 
able pressure. 4 to 5 grms. of the 
fat are poured into such a flask, 25 
cc. of potash solution added, well 
corked with a caoutchouc stopper, 
which must be secured by string and 
strong linen or canvas, and then the 
flask suspended in the boiling water 
of a water-bath. At the end of an 
hour or less it may be taken out 
completely saponified.t When cool 
the#ask is opened, the soap gently melted and poured into 

* ^Butter-Fat,” by E. W. Jones, F.C.S.^ ATialyst^ May, 1877. 
f r^on for preferring this method is, that less potash is required. 



Fig. 27. 
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a flask of about 500 cc. capacity, having a long, rather narrow 
neck (see fig. 27), which carries the tubes a and h — the tube a 
for the admission of air, the tube h furnished with a stopcock. 
In this flask the soap is decomposed by adding about 1 cc. more 
sulphuric acid than is necessary to neutralise the potash ; if, for 
example, the latter is neutralised by 25 cc. of the sulphuric acid 
26 cc. are added, and after this addition the fatty acids melted 
so as to form a layer on the surface of the acid water. At this 
point the whole may be diluted with warm water up to 200 cc. 
or 300 cc., the cork carrying the tubes inverted, and the flask 
turned upside down, as represented in the figure. After standing 
a few hours the cake is more or less solid, and the lower stratum 
of licpiid may bo run off almost clear. It will, however, always 
be safest to pass it through a filter. By adapting an india-rubbor 
tube to a, warm water may be sucked up through &, and the fat 
■washed in the flask (|»erfectly closerl by pinching the india- 
rubber), and then the cake allowed to form as before. Tlie fluid 
is now again run ofi* from the solid, and this time cold water may 
be sucked up through a, and the whole pi'occss of alternations of 
hot and cold water repeated. Lastly, the cork with its tubes is 
removed, any adherent fat washed off with warm water into tho 
flask, the latter adapted either to an upright Liebig^s condenser 
and boiled, or connected in the usual way with a Liebig, 
which has as a receiver a flask, adjusted by a cork tightly to 
the bent tube of the condenser, and is furnished with a mercury 
valve, the whole forming a closed system. In the latter case, 
also, the heat is applied to boiling for five or ten minutes, and 
the distillate added to the filtrates; lastly, tho cork with tubes' 
is again connected, the flask inverted, tjie li(piid Avlien cool run 
ofl[‘, and the fat finally -washed with a little cold water and allowed 
to drain. 

The watery liquid contains sulphuric acid, sulphate of potash, 
alcohol, butyric, and the other soluble fatty acids ; it will be in 
bulk from GOO to 700 cc., and may be made up to any definite 
quantity. In any case, a portion of it — a quarter, a fifth, or even 
a tenth — must be taken and titrated with d. n. soda, which, when 
the quantity required to neutralise the 1 cc. of sulphuric acid in 
excess is subtracted, indicates the amount of soluble acid, and is 
always returned as butyric, which is near enough to the truth. 

Instead of this method it may be useful to titrate the acid 
liquid, distil until all the volatile acid which can be obtained lias 
gone over, and then titrate the distillate. It is also possible to 
separate the volatile fatty acids from such a solution by shaking, 
up with ether in. tho tube figured at p. 69, the ether dissolving 
the acids freely. 
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The insoluble fatty acids remaining partly in the flask, with a 
trace on the filter, are now united in a flat porcelain dish. This 
is done by melting the acids in the flask, pouring off, and extract- 
ing by alcohol and ether — the same solvent also dissolving the 
acids from the filter. On evaporation of the alcohol and ether, 
one or two large bubbles of water may bo formed in tlie acids, 
and it is best to add a few drops of absolute alcohol. The dish 
is now jdaced on the top of the water-bath (the water in which 
should only boil gently), and weighed at short intervals ; if after 
twenty minutes only 1 or 2 mgrms. are lost, the weight is con- 
sidered constant. 

Aeichert has modified this process : the same quantity of butter 
is taken each time, saponifled, decomposed, and distilled in a weak 
current of air. The details of the process are as follows :-^2*5 grms. 
of the anhyilrous fiit are saponified with alcoholic potash [1 grm. 
KHO in 20 cc. alcohol of 80 per cent,] After saponification 50 cc. 
of water are added, and 20 cc, of diluted sulphuric acid [strength 
10 per cent.], the mixture is then distilled in a weak current of air; 
the distillate, which mostly contains some of the fixed fatty acids, 
is filtered through wet filter paper into a 50 cc. flask, the distillate 
made up to exactly 50 cc., and titivated. Thirteen pure buttoi’s on 
experiment took 13 to 14-9 cc.\s of decinormal soda; cocoa-nut 
fat, 3*70; oleo-margarine, 0*95; lard, *30; kidney fat, *25; rape 
oil, ‘25. Butter-fat and lard, melted together and mixed as 
follows, required the following cc.’s of decinormal soda to neutra- 
lise the distillate — 

p.c. p.c. p.c. p.c. p.c. p.n. 
Pere^tagGB of butter in the mixture, 0 20 40 GO 80 100 

•cc. decinormal soda, . . 0*30 3*10 5*90 8*50 11*50 14*30 

Difference, .... 2*80 2*80 3*00 2*80 

From tliese and other results Beichert thinks the percentage of 
butter may be found in a roixttare by the following formula — 

Percentage butter =» (7 ’30 ±0*24) (» -0*30). 

n being the number of ca’s of d. n, soda used in titrating the 
distillate. 

L. Medicus and S. Scherer^ have examined the process of 
Beichert, and given a decided verdict in its favour. They have 
also ii&xamined by the process, whether the melting of butter is 
accdthpanied by any separation of its constituents, and their 
ej^riments appear to prove that there is in point of fact a 

* ZelUthrift JUr Analyt. Ch^mie, 1880, p. 159. 
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considerable subsidence of the heavier fats. Thus, a kilogram, 
of pure butter was allowed to cool slowly after molting in a 
capacious vessel, with constant stirring; when a sample was 
taken, and tlie distillate obtained after Reichert's metliod used, 
14 cc. of d. 11 . soda. The same butter was then remelted, and 
allowed to cool slowly without stirring, and samples taken from 
various portions with the following results : — 


D. N. Soda. 

C50, 

Mixture, 14*0 

Upper layer, 13*3 

Under layer, 14*2 

Outer layer near the side, 14*4 

Inner middle layer, 17 ‘3 


The same chemi.sts, applying Reichert's method to various fats, 
obtained the following results : — 


Butter-fat, 
I^ard, , 
Rape oil, 
Sesame oil, 
Olive oil, 
Palm oil, 


D. N. Soda, 
cc. 

13-6 to 140 
•2 
*3 
•35 
•3 
•5 


A distillation process was proposed in England before the publi- 
cation of Reichert's paper by Mr. Perkins a solution of oxalic 
acid was used to decompose the soap, and all the volatile acids 
were supposed to distil over ; but the test experiments given are 
rather below the total amount wliich were probably present. 
There is one advantage of a distillation process which must not 
be lost sight of — viz., the acids may be identified by fractional 
titration when treated after Duclaux's process, desciibed in the 
article on ‘‘Wine.” 

A process of saponification has been proposed and practised by 
Mr. West Knight, t which is based on the insolubility of the 
oleate, stearate, and palmitate of barium, and the ready solubility 
of the volatile fatty acid combinations with barium. The butter- 
fat is saponified with alcoholic potash in the ordinary yay. The 
soap solution is diluted to 300 ca, and a solution of chloride of 
barium added until a curdy precipitate separates, and the liquid 
is no longer rendered milky by a fresh addition — the insoluble 
barium fatty acids are collected on a filter, and ultimately trans-? 
ferred to a tube such as is used by Muter {p. 302), and the fatty 
acids liberated by sulphuric acid and shaken up with ether; 

* Analyst, 1879, 142. t Ayialy^, 1880. 
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when separation lias been efiected, a fractional part of the ether 
is taken, and evaporated in a tared flask. 

Furtiier Analyseit of the Insoluble Fatty Acids . — The insoluble 
fatty acids are, as already stated, oleic, palmitic, and stearic ; it 
is their total weight which is alone valuable, and to separate the 
three with accuracy is not easily effected. The first can, however, 
be very readily isolated b}^ the following process, the details of 
which have been worked out by Dr. Muter. The process depends 
upon the well-known fact that the oleate of lead, Pb2CjgH3302, 
can be separated from jilumbic palmitate, Pb2CiQH3j02, and 
plumbic stearate, Pb2CigH3-P2» ^7 taking advantage of the 
solubility of the former in ether. 

About 1 grm. of the fatty acids is combined with potash, and 
the solution well diluted with boiling water, and carefully treated 
with acetic acid added to the boiling solution until a pennanent 
turbidity is produced ; solution of potash is now dropped in with 
constant stirring, until the liquid just clears again. The solution 
is now precipitated by plumbic acetate in slight excess, and 
is stirred until the precipitated soap settles thoroughly. The 
supernatant liquid is poured off, and the soap once washed by 
boiling with a large volume of water and decanting ; plumbic 
oleate, palmitate, and stearate are thus obtained as perfectly 
neutral salts, the first being soluble in ether, the last two quite 
insoluble. The lead soap is now transferred to a flask of 100 cc. 
capacity, and the plumbic oleate dissolved out by ether, the 
ethereal solution being passed through a filter. The end of the 
process is known by the washings ceasing to blacken ammonium 
hydrosulphide. The filtrate and the washings should not exceed 
200 cc., a fractional portion of which may be evaporated to 
dr3mess in a platinum dish, and weighed as plumbic oleate. To 
ensure perfect accuracy, the remainder should be ignited and 
weighed as Pb + PbO; the residue treated with acetic acid to 
take up the PbO, and tlie residual Pb calculated to PbO. By 
deducting the weight of plumbic oxide thus obtained from the 
total plumbic oleate, and allowing for the hydrogen displaced, 
the oleic acid is obtained. 

Dr. Muter recommends, however, an easier method. This 
requires a long graduated tube of 250 cc., having a well-ground 
stopper and a stopcock, which is placed at 50 cc. from the 
bottom. The ethereal solution is placed in this, the soap decom- 
posed by hydrochloric acid [1 : 2J ; and (when the chloride of 
lead is fully settled) a known quantity of the supernatant ethereal 
solution drawn off, evaporated, and weighed as oleic acid. 

In the majority of adulterated butters, the specific gravity, 
the melting-point, and the fatty acids are all widely diflerent 
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from tliat of genuine butter, so that there is no room for doubt. 
Occasionally, however, a butter may be met with in which a 
small proportion only of foreign fat has been used, and in such 
a case the analysis must be repeated several times lest a mistake 
be made. Of all the above determinations, the percentage of 
insoluble and soluble fatty acids is of the gi*eatost importance. 
A marked deficiency or complete absence of soluble, and an 
increase of insoluble, are the characteristic features of fats other 
than butter. 

The following are a few examples of percentages of fatty acids 
found in genuine butters : — 



(1.) 

(2.) 

(3.) 

(4.) 

Soluble, . 

5*92 

5*76 

5-37 

4*77 

Insoluble, 

. 87*8G 

88*10 

87-68 

88*44 


93*78 

93*80 

93-05 . 

93*21 


It is generally accepted that 88 per cent, of insoluble acids, if 
associated with 6*3 of soluble acids, is. a fair standard of butter 
calculation, and that if a butter shows anything less than 89*5 
insoluble, with 5 soluble, it may be passed as genuine.* 

A few examples of adultei’ated butter-fat are as follows : — 



(1.) 

A Commercial 

(2.) 

A Commercial 

(3.) 


Butter. 

Butter. 

Buttcrine. 

Soluble, . 

1*98 

2.34 

•58 

Insoluble, 

93*30 

93*82 

95*51 


95 28 

90*16 

96*09 


LEGAL CASE. 

Sovierset House stmulard for water in butter. 

At the Bath Police Court (January, 1S79), a dairyman had been summoned 
f()r selling butter, the proximate analysis of which showed a considerable 
addition of water. An appeal to Somerset House elicited the following 
certificate: — ‘*We hereby certify that we have analysed the butter, and 
declare the results of our analysis to be as follows ; — 

Per cent 

Water, 23*27 

Butter-fat 74*69 

Curd, 1 *26 

Salt, ....••••* *78 

“The results of our analyses of numerous samples of ordinary commercial 
butters obtained from different parts of the country, including the south of 
England, show that the proportion of water present is very variable, and 
that it occasionally amounts to as much as 19 jier cent.” 

* Muter, Op, cit. 
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BUTTERMILK. 

§186. Buttermilk is the thin whey left behind when the fat 
has been extracted in the process of butter-making. It is never 
fat-free; it contains all the constituents of milk, but a great 
portion of the sugar has been changed into lactic acid. It is 
then essentially a dilute, poor acid milk. 

The average composition of fresh buttermilk is : — 

Water, 

Caseine, 

Fat, . 

Milk-sugar, 

Lactic acid. 

Ash, . 


90*62 

378 

1-25 

3-38 

•32 

•65 
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The lactic acid tends ever to increase, so that samples which 
have stood a little time will contain more lactic acid than the 
proportion above given. 


CHEESE. 


§ 187. Cheese consists essentially of the coagulated albuminous 
matters of milk, especially of caseine, with a variable quantity of 
fat, common salt, and alkaline and earthy phosphates. Cheese 
may be made from the milk of any animal, but the great majority 
of cheeses in commerce are made from that of the cow. The prin- 
ciple of the manufacture of cheese from fresh milk is very simple : 
the caseine is precipitated by rennet, and carries down with it 
most of the milk-fat, as well as some portion of the milk-sugar. 
The thin whey is allowed to run oft*, and the precipitated 
“ curds*** submitted to pressure, which has the effect of not only 
getting rid of the whey, but also of giving to the mass shape and 
consistency. Cheese may be made from sour milk without the 
addition of rennet, the lactic acid precipitating the caseine ; but 
most of the cheeses in commerce are made from fresh milk. 
Cheeses may be divided into two varieties — the soft and the 
hard; the former are manufactiired by precipitating with rennet 
at a low temperature, and \xsing but little pressure ; they have 
mostly an alkaline reaction. The hard cheeses are subjected to 
a higher temperature and stronger pressure, and have, when first 
made, an acid reaction. 

I, SOFT CHEESES. 

§ 188. NeufchcUel Cheese , — This is a Swiss cream cheese ; its 
average composition when fresh is as follows ; — 

Per cent 

Water, 37*87 

Caseine, . . . . • ... 17*43 

Fat, •■...••■• 41 *30 

Ash, 3*40 


* An analysis of curds by M. Rubner is as follows : — 

Water, 

Caseine, 

Fat, • . 

Ash, ■ • . . . . j. • 

Milk-sugar, . , . . ' . 

' Total solids, . . . • ^ • 39*73 

“Scdidsnotfat,” . . .** . 32-40 


Per cent 

60*27 

24*84 

7*33 

4*02 

3*54 
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Fromage de Brie , — A soft Frcncli cheesC; rapidly ripening and 
developing ammoniacal compounds : — 

Pflr cent. 

Water, 51*87 

Caseine, 18*30 

Fat 24*83 

Ash, 5 *00 

English Cream Cheese varies within somewhat wide limits j it 
usually contains from 50 to 68 per cent, of fat, and from 2 to 3 
per cent, of caseine. 

Camembert Cheese , — This is a fine' cream eliccse, at pi'esent 
much consumed ; its general composition appears to be — 

Water, 

Caseiuc, 

Fat, 

Lactic acid, i 

Milk-sugar, galactine, 

Ash, . 

TlhS Roquefort Cheese is a very celebrated French cheese, largely 
eaten on the Continent. It is not made from cows* milk, but 
fix)ra that of the ewe. A fresh Roquefort, analysed by Blondean,* 
had the following composition : — 


Per cent, 

Caseine, 85*43 

Fat, 1*85 

Lactic acid, 0*88 

Water, 1 1 *84 


The same cheese, in the condition most highly prized (after it 
had been kept two months in a cold cellar), had the following 
composition : — 

Per cent 

Caseine, . 

Fat, 1 Margarine, 

^ j Olein, 

Butyric acid. 

Chloride of sodium, 

Water, 

Roquefort cheese is usually coloured with reddle or annatto. 
The manufacturers of these cheeses attach great importance to 
their being kept at a rather low and uniform temperature during 

* AnnaXes de Chimie H de Physique^ (4) t. i, 18C4. 



Per cent. 

51 *30 
19*00 
21*50 

3*50 

4*70 
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the ripening process. The most famous cellars are subterraneous 
mountain-caves, kept constantly cool (at about 41® to 42® Fahr.) 
by currents of au* coming through clefts and grottoes. The com- 
mercial value of these cellars is directly proportionate to their 
uniformity of temperature. 


II. HARD CHEESES. 

§ 189. American Cheese is made from unskimmed milk, and is 
of extremely uniform quality. The general composition of two 
fine-flavoured Americans, sold at 9d. per lb., the author found to 
be — 




(1.) 

• 

(2.) 

Water, 


22*59 


31*80 

Fat, .... 

, , 

a5*4l 


28*70 

Caselne, . 

, , 

37*20 


36*00 

A S Soluble in water, 

1 Insoluble, 

1*19 f 

3*61 S 

4*80 

1*13) 

2*37$ 

3*50 

NaCl in soluble ash. 


1*08 

101 

Phosphate of Lime in insoluble ash, 

2-21 


2*37 

Cheddar Cheese is made 

with entire milk 

; the 

cheeses 


usually thick, and weigh up to 200 lbs. each. Two sound, good- 
flavoured Cheddars, sold at lid. per lb., had the following com- 
position : — 



(1.) 


(2.) 

Water, 

27-83 


28*34 

Fat, .... 

24-04 


21-01 

Caseine, . 

44-47 


47*03 

A cl. J Soluble in water, 
^ ) Insoluble, 

2^11 3-66 

1*14) 
2*48 5 

3*62 

NaCl in soluble ash, . 

1*04 


1*14 

Phosphate of Lime in insoluble ash, 1 *52 


1*69 


Dunlop Cheese is made with entire milk, and is not dissimilar 
in general composition to American cheeses. A sample examined 
by Johnstone had the following composition : — 

Per cent. 


Water, 38*46 

Fat| 31 *86 

Caseino, 25*87 

Ash, 3*81 


Gloucester Cheese . — Two varieties of Gloucester cheese exist in 
commerce, single Gloucester and double Gloucester — ^the only 
difference between the two being that the latter is richer than 
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the former, single Gloucester being made from a mixture of 
skimmed and entire milk, double Gloucester from entire milk. 
A single Gloucester, sold at 9d. per lb., of good flavour, and free 
from mould, had the following composition : — 

Per cent. 

Water, 21*41 

Fat, i . 25*38 

Caaeiue, 49*12 

Ashv • . . . • • . . • 4*09 


An analysis by Johnstone of a double Gloucester is as follows: — 


Water, 
Fat, . 
Caseine, 
Ash, . 


Per cent 
35*82 
21*97 
37-96 
4*25 


Notwithstanding that in the single the fat was 25 per cent., in 
the double but 21 per cent., the latter is really richer than the 
former, if the water be subtracted, and the percentage be taken 
on the dry substance ; or if the proportion of the fat to the 
caseine be considered — in the double the fat being to the caseine 
as 10 : 17, in the single as 10 : 19. 

Farmesan Cheese . — This is a peculiar cheese, never made in this 
country, but imported from Parma and elsewhere. Tlie essential 
points in the manufacture are, that the rennet is heated to about 
46®-6 (120®Fahr.), and an hour afterwards the milk set over a slow 
fire until heated to about 65°*5 {150^Fahr.) These operations cause 
the curd to separate in hard lumps. It is usually coloured with 
safiron. The outer crust of the cheese at the end of fourteen days 
is cut off, the new surface varnished with linseed oil, and one side 
coloured red. It is a very dry cheese, with a largo amount of 
caseine, and only a moderate percentage of fat. A Parmesan 
analysed by Payen gave — 

Per cent 


Caseine, ; . 44*08 

Fat, 15*95 

Salts 5*72 

Water, 27*56 

Non-nitrogenous matter, &c., . . . . 6*69 


Stilton Cli/eese is made from entire cows* milk, to which some 
cream has been added ; when fully mature, it is similar in com- 
position to Roquefort. Analyses of Stilton cheeses by Voelcker 
are as follows ; — 
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Tolerably fretjh. Old. 

Not very recent 

Water, 

32*18 20*27 

38-28 

38 23 

Caseine, 

33-55 

{ 23 *93 

24-38 

Milk-sugar, . 

\ 3-70 

2-76 

Fat, . 

37-36 43-98 • 

30-59 

29-12 

Ash, . 

3-93 2 20 

3*20 

5-51 


Gruyere Cheese is a peculiarly-flavoured Swiss cheese. Analyses 
by various chemists are as follows: — 

TABLE XX— GBUVERE CHEESE. 



-4- 




* 





d 



Si 

U4 


S 




g. 

a 



1 

a 

i 



s 

1-^ 

55 


K 

.3 

a 



-4 


d 

d 

d 


S 


Water, 

40-(M) 

32-05 

34-57 

35-74 

34-57 

40-00 

32-05 

34*68 

Caseine, 

31*25 

34*25 

29*12 

29-95 

32-51 

34-25 

29*12 

31*41 

Fat, . 

24*00: 

28-40 

32-51 

! 30-64 

29-12 

32-51 

; 24*00 

28-93 

Milk-sugar and 

1 






i 

! 


other non-ni- i 









trogenous 









substances, 

1*75 i 

*51 

... 

... 

... 

1*75 

1 *51 

1*13 

Ash, . • 

3 -00 j 

4*79 

3-80 

3-67 

3*80 

4*79 , 

1 

i 3-00 

385 


Gorgonzola Cheese , — An analysis of Gorgonzola cheese, by 3, 
Moser, J is as follows : — 

Per cent. 

Water 43-56 


Caseiue, 24-17 

Fat, 27*95 

Ash 4-32 


SMm Cheese . — The quality of skim cheese depends upon the 
amount of fat it contains. A cheese which shows under 10 per 
cent, of fat may with propriety be called skim, the majority of 
skim cheeses containing from *5 up to 10 per cent, of fat. The 
writer found a sample of skim cheese, at 6d. per pound, to have 


tlie following composition : — 

Per cent 

Water, . ; . . . . . . 43*14 

Fat *86 

Caseine and milk-sugar, 49*79 

i Soluble ih water, . . . 2*16 ) 

Phosphate of lime, . . . 3*98 > 6*21 

NaCl in soluble ash, . . 2*00 ) 


* JahresheruM f. AgrtcuU, Chemie, 1875-6, ii. Bd. 
t Jcum, de PAomaotf; xvi. 
t Journal qf Roy, Agrkul, Soe.^ 1861, xxii. 
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The mean of nine analyses of skim cheese collected by Konig 
is as follows : — 

Per cent. 


Water, 48*02 

Fat, 8*41 

Caseine, 32*65 

Milk-sugar, 6*80 

A-sh, ••••••■•• 4*X2 


The analyses given by no moans exhaust the varieties of 
cheese. There are many others, such as Dutch cheese, usually 
highly salted, — English cheeses taking their name from the 
county or place in which they are made, and a great number of 
Continental cheeses. 

§ 190. The Ripening of Clieeae . — The transformation that cheese 
undergoes, and by which it usually acquires a more agreeable 
taste and flavour, is without doubt a fermentation of a slow 
character, induced by the agency of minute mycoderms ; pos- 
sibly, as F. Cohn suggests, the very active thread-bacteria, which 
rennet always' contains, have something to do with the i^rocess. 
Fresh cheese has an acid reaction, but the development of 
ammonia ultimately renders the reaction alkaline. There is 
with age a continuous loss of water, and a slow development of 
carbond ioxide — the fat decomposes, and the fatty acids * unite 
in part with the lime and in part with the ammonia. The 
caseine also gradually passes into a soluble condition, so that a 
cheese, which originally gave very little to water, ultimately 
becomes almost wholly soluble. 

Blondeau and others considered that, in the ripening of 
cheese, the albuminoids slowly changed into fat; thus, the 
Roquefort, of which two analyses are given at p. 30G, was 
analysed at the end of a year, and its composition found to be 


as follows : — 

Per cent 

Caseine, 40*28 

Margarine, . . . , . . . 16*85 

Olein, . . 1*48 

Butyrate of ammonia, . . . . . 5*62 

Caproato of ammoni^ 7*31 

Oaprylate of ammonia, 4*18 

Caprate of ammonia, 4*21 

Chloride of sodiam, 4*45 

Water, 16-62 


Alexander Muller has, however, shown that the albuminoid 
and fatty constituents of old cheese bear the same relation to 

* Valerianic acid has been detected in a Ecqueforb cheese by M. Balard^ 
and by Messrs. J. Geuko and Laskowski in a !Limbo*arg cheese. 
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each other as in new cheese, which he proves by calculating the 
determinations according to an equal quantity of water, thus — 


Water, 





FreBli. 

40*4 

A year old. 

40-4 

Caseiue, 





24*5 

24*5 

Fat, . 


, 



28*0 

28*2 

Sugar, 


• 



1*7 

2*6 

Salts, . 

. 

• 

. 


5*4 

4*3 


N. Sieber * has also contested the change of albuminoids into 
fat, and gives the following analyses of a Roquefort : — 



Fresh cheese. 

After 

one month. 

Very 

old cheese. 

Water, , 

49*66 

36*93 

23*54 

Caseine, 

13*72 

5*02 

8*53 

Soluble albuminoids, 

6*93 

20*77 

18*47 

Fat, 

27*41 

31*23 

40*13 

Ash, 

1*74 

4*78 

6*27 


99*46 

98*73 

96*94 


Now, although there is in the above anal^^ses an apparent 
increase in the fat, yet, if reckoned on 100 parts of the dry sub- 
stance, there is no very decided change. Thus — 

Fat. Albuminoids. 

Fresh cheese, ..... 53*91 40*80 

After one month, . . , , 49*94 40*53 

Very old cheese, .... 66*14 37*78 

Brassier,t some years ago, made several careful analyses, 
which may be of assistance in following tlie changes that cheese 
undergoes througli age. Five pieces of the same cheese in the 
salted and unsalted condition were analysed at the end of tw^o, 
four, and seven months, the results of which are tabulated in Table 
XXL The development of ammonia, the production of nitrogen- 
ous jn’oducts soluble in alcohol, and ,the wasting of the fat and 
total nitrogen, are well shown in these analyses. 

The researches on the ripening ” of cheese hitherto made by 
no means exhaust the subject, and there appeal's room for much 
interesting work in this direction. 

§ 191. The Analysis of Cheese , — ^The analysis of cheese when 
fi'esh is conducted on almost the same principles as the analysis 
of butter. The fat is best taken in a proper exhaustion apparatus, 
by petroleum ether, or carbon bisulpliide. On extraction of the 
fat the fat-free solids are dried and weighed, and the fat is also 
dried and weighed. The dry fat and the dry solids added 

* Joum,f PraJc, Chemie^ xxi, 213, 
f Ann, de CJiem, Phys,, v. 
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table XXL 




I Unsalted pieces. 

i 

1 Salted pieces. 



1 






cheese. 

! 







i After 

After 

After 

After 

After 



2 months. 

4 mouths. 

2 months. 

4 mouths. 

7 months. 


i 

Grm. ! 

Grm. 

Grm. 

Grm. 

Grm. 

Orm. 

Caseine, . . . 

96-21 : 

83-10 

85-01 

78-60 

80-10 

67 06 

Milk-sugar, . . 

11-46 i 

... 

... 

... 

••• 

. . . 

Leucine and 


i 






other nitrogen- 


1 






ous substances 


y ... ; 

21-18 

18-67 

15-75 

18-28 

33-42 

soluble in al- 


! 


i 




cohol, . . . 


1 

! 


1 




Fat, .... 

66-78 1 

56-31 

46*92 i 

56-01 

40-50 

39*74 

Insoluble salts, . 

2-25 1 

2 25 

2-25 i 

... 

... 

. . . 

Ammonia, . . 

I 

... 

1 

... 1 

15-53 

16*75 

16*50 

Soluble sub- 

1 


1 




stances, . . 

Trace 1 

1-85 

1-95 ! 

1-42 

1*67 

3*22 

Water, . . . 

123-3 i 

1 

67-31 

59-20 ! 

i 

68-69 

81-70 

56*06 j 

. j 

Total weight, . 

300-0 ! 

232-0 

214-0 ! 

236-0 

239-0 

■ ' " t 

216*0 1 

Total nitrogen, . ! 

15-27 i 

1 

15-94 

12-32 ; 

13-73 

14-63 

10-58 


together, and subtracted from the quantity taken at first, gives 
the amount of water. This is a better metliod than drying the 
solids in the ordinary way, which will be found in many cases 
to be extremely tedious and inaccurate. With alkaline cheeses 
there appears no other way of obtaining the amount of water 
than careful neutralisation of the free alkali by an acid before 
drying. The caseine and albumen represent the insoluble por- 
tion of the cheese. The sugar must be determined by copper 
oxide (see p. 119) ; the lactic acid and the ash on the principles 
laid down at pp. 244 and 98. 

The advlteratiom of cheese which have actually been found are 
not numerous. All mineral adulterations, save those of volatile 
metals, must be looked for in the ash, which consists normally of 
common salt^ alkaline, and earthy phosphates. Cheese has from 
the earliest to the present time been coloured by vegetable 
matters, and so long as the latter are not injurious, such addition 
cannot be considered as adulteration. 

Thin slices of cheese should be examined microscopically after 
dissolving out the fat, &c,, by ether ; in this way starches and 
vegetable substanoes may be detected. Arsenical washes and 
lead pastes have often been applied to the rind to prevent the 



CHEESE. 


313 


§ 191 .] 

attacks of the fly. As this part is habitually eaten by a few 
people, it is necessary to examine it, especially for these metals, 
and, in a conipl(3te investigation, to make two separate analyses, 
one of the rind, and the other of the substance of the cliceso. 

In past times, a few isolated instances have occurred in which 
it was found that the manufacturers of cheese had mixed pre- 
parations of arsenic with the cheese itsidf as a preservative : — 
e.g,y such w^as the case in the year 1841, when several of the 
inliabitants of Chatillon were poisoned by this means. In 1854, 
the same thing occurred, and a Parisian family suffered, but not 
fatally {Chevaltiery It is to be hoped that such ignorance is a 
thing entirely of the past.* 
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* Whey, — After the removal of the curd from milk, a “whey” remains, con- 
taining albumen, galactiiie, milk-sugar, lactic acid, and salts. The mean of 
thirty-two analyses collected by KOnig gives the following as the average 
composition of “whey ” : — 


Water, 93*31 

Nitrogenous substances, *82 

Fat -24 

Milk-sugar, 4*65 

Iiactic acid, *33 

Balts, *65 


Whey, on account of its high content of milk-sugar, is used for the prepara- 
tion of the latter, and there is also a “whey- vinegar. ” In very many places, 
however, whey is used merely as a food for pigs. 



PART V--TEA. COFFEE, COCOA. 


TEA. 

§ 192. Varieties of Tea , — Tea is the dried leaf of different 
species of Theay a section of the genus Camellia, The botanical 
varieties do not appear to be numerous. Thea Bohea, T, viridisy 
and T, sinensis, all Chinese plants, Thea Assamica, indigenous to 
Assam, and one or two hybrids, are the princij^al plants from 
which the numerous teas of commerce are derived. The differ- 
ence depends on the selection of young or old leaves, and special 
treatments in drying and otherwise preparing the leaf, rather 
than on essential botanical variation. 

The varieties of tea imj^orted into this country arc extremely 
numerous j but seldom does any one of them reach tlie consumer 
uninixed, for the wholesale tea merchants carefully improve their 
teas by blending.” The most common sorts are — Gunpowder, 
Hyson, Congou, Capers, and Indian tea. Of these, the Gun- 
powder and Hyson are dried at a higher temperature, than the 
others, and contain less hj^groscopic moisture. The Capers may 
be generally told by the leaves being rolled up into little lumi)S 
with starch or gum ; as a class, they are much adulterated, and, 
in fact, can hardly be called genuine tea. 

Besides these, there are a number of special teas, some of a 
very high price, and imported in a state of great purity; but such 
teas are used almost entirely for mixing or blending.* They 
are known under the names of Moyone, Moyone gunpowder, 

* In Cooper’s travels (“Travels of a Pioneer of Commerce,” by T. T. 
Cooper, London 1871), there is an interesting account of the brick tea used 
in Thil^t, some of which may find its way to Russia, but none, probably, to 
this country. It is the staple produce of the city and district of Yatsww, 
and the tree from which it is prepared attains not unfrequcntly the height 
of 15 feet. It has a large coarse leaf, and is cultivated with little care, 
growi;^ along the borders of fields and homesteads. There are thr^ 
qualities of the tea : the first is gathered in June and July, when the leaf is 
about an inch long. It is spread out in the sun to dry slightly, then 
rolled in the hand until the sap begins to exude, and when in this state 
made up into balls, and laid on one side to ferment. After fermentation, it 
is pressed into wooden moulds, and dried by charcoal fires. The bricks on 
their removal from the moulds are envelopea in yellow paper covers, bearing 
a Government stamp and the trade mark of the exporter, and then they are 
packed in baskets four feet long, made of the thin strips of the bamboo. 
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Oolong, Mannuna Kaisow, scented Pekoes, Indian Souchong, 
Assam, Java, ckc. The names by which the teas of commerce 
are most familiar to the public are simply “ green ” and “ black,** 
which differ merely in accordance with the method of prepara- 
tion followed. Green tea is prepared from young leaves, which 
are roasted over a wood fire within a hour or two after being 
gathered. The black tea leaves, on the other hand, are allowed 
to lie in heaps for ten or twelve hours after they have been 
plucked, during which time they undergo a sort of fermentation ; 
the leaves then pass through certain processes, and are slowly 
dried over charcoal fires. 

§ 1 93. Structure of tJie Tea Leaf - -The border is serrated nearly, 
though not quite, up to the 
stalk (see fig. 28). The primary 
veins run out from the midrib 
almost to the border, and then 
turn in, so that a distinct space 
is left between them and the 
border. The diagnostic mark 
of a tea leaf is, however, the 
microscopic appearance of its 
epidermis, wliich, especially that 
of the lower side (see fig. 29), 
exhibits numerous small stomata 
formed of two reniform cells of 
an average length of *00075 inch, 
and average breadth *000588 
inch. Around the stomata are 
seen elongated and curved ej)i- 
dermic cells. This appearance, 
so far as is know*n, is met with 
only in the te^ plant. Stomata 
are infrequent *bn the upper sur- j,. tea PLANT 

face, the epidermal hairs are 
simple. 

§ 194. Chemical Composition of 3^ea.--The constituents of tea 
are — Essential oil^ thehie^ boheio acid, quercetin, tannin, qvfircitHnio 
add, gallic acid, oxalic acid, g%im, chlorophyll, resin, wax, alhumincfos, 
woody, and colourbig matters, and ash. The essential oil of tea 

Tho^hricks thus packed form a **])acket of tea,” and weigh about 20 lbs. ; 
at Ll^a, this quidity of tea sells for 48. 8d. per lb. The second variety 
consists of the older and yellower leaves which, when exported to Lethan^ 
and Bithang, sell for Is. 6d. per lb. The third variety is merely chopped 
tw^ stupk together by rice water, and is only used in the neighboornood 
of Ta-tsian-too, where it is sold at 9d. per lb. 





Fig. 29 . — Ep/dekmis op Tea Leaf, x 300, a under, 6 upi)er surface. 


TJimve^ Caffeine j — This alkaloid was first soparatod 

in an impure condition by Riinge, from coffee berries, in the 
year 1820. It was found by Corput and Stenhouse also to be 
a constituent of the leaves of the coffee tree. Oudry in 1827, 
finding it in various species of tea, named it ^‘Theine,” and 
Oudry's “Tlieine” Mulder and Jobst showed, ip 1838, to be 
identical with caffeine. The alkaloid has also been discovered 


in guarana, mat(^, and the kola nut, by Martins, Stenhouse, and 
Attfield respectively. 

Theine crystallises from an aqueous solution with 1 atom of 
water ; from ether, in an anhydrous state. It sublimes in minute 
dots at 78“*8, in crystals at 79®’4 (175® Fahr.), and above. t The 


* A oil, serving many purposes in China, is extracted from the seeds 
of the tea plant. It is citron-yellow, specific gravity 0*927, and is composed 
of onepart of stearin and one of oldn. 

+ The subliming point given by Pelouse, 178®, and by Mulder, 
must have been obtained by extremely faulty methods. If a little theine is 
placed between two watch-glasses on tne water-bath, the almost instantaneous 
rise of civstals to the upper glass will at adi events show that the subliming 
point is below 100®. See the author’s paper, “Temperature at which the 
Alkaloids Sublime,” Journal of Chemical Society^ 1878. 
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sublimate consists of microscopic needles : that which is first 
produced is of extremely fine, light elements ; after a little time^ 
at such temperatures as 120®, the crystals become longer and 
larger. The melting point of theine is somewhere between 
177® and 228®. Theine possesses a slightly bitter taste, but 
is without odour. According to a recent research, the solubility 
of theine in difierent solvents is as shown in the table below. 

Theine forms numerous salts of definite composition — ^the 
hydrochlorates, CgHjoN^Og, HCl and 2HCI ; a plati- 

num compound, CgH^QN^Og, HCl, PtCJg ; a chloride of gold 
compound, HCl, AuClg: a chloride of mercury 

compound, 2HgCl ; an argentic nitrate comx>ound, 

CgHi^)N 402 , AgNOg, and many others. Some of these, such as 
the silver compound, separated from a concentrated watet-y 
solution, and the mercury compound, almost insoluble in ether, 
and capable of being dried at 100°, might possibly be of use iu 
the estimation of theine. 

Theine is, in lai'ge doses, a poison. Frerichs, C. J. Lehmann, 
Husemann, and others, have made themselves the subject of 
experiment. Lehmann, after taking *5 gim, suffered from fre- 
quency of the i)ulse, irritation of the bladder, cerebral excite- 


TABLE XXII.-SOLUBILITY OF THEINE. 



100 grms. of Sol- 

Co-effleient of 

100 grmp. of Sol- 

Co-eflOcient of 


Tent at 16® to IT’® 
disHOlTed of 
Theine. 

Solubility at lO* 
tol7«. 

Tent at the boil- 
ing point dis- 
solved of Theine. 

So lability at the 
boiling point. 




•d 


•c 

cs 

ss 

i 

c 

•a 

OB 

S3 

•d 

cS 


9 

1 

2 

1 

*0 

o 

h 

1 

9 

1 

1 


a 

•s 

ft 

a 

< 

>* 

a 

1 

w 

1 

Chloroform, . . 


12-97 


1/7-72 

... 

19*02 


1/5*25 

Alcohol of ^ per ) 
cent., . . \ 

2-51 

2\30 

1-40 

1/44*4 


... 

. ... 

... 

Water 

1-47 

1*35 

1-68 

1/74-2 

49*73 

45*55 


1/2*19 

Absolute Alcohol, 

... 

0 61 


1/164*7 

... 

3*12 

... 

1/32 

Commercial Ether, 

0*21 

0-19 

1/476 

• e a 

1/526 

... 

0*454 

■ ** 

1/220 

Carbon Bisulphide, 


0 0585 

1/1709 

... 

... 


Purified Anhy- ) 
drous Ether, ) 

... 

0 0437 


1/2288 

... 

0*36 

... 

1,'277 

Light Petroleum, 

« • • 

0*025 

... 

1/4000 

... 

••• 1 


... 
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ment, slight hallucinations, and lastly desire to sleep. Huse- 
znann took *25 grm. with somewhat similar symptoms. Pratt, 
with subcutaneous injections of from *12 to *8 grm., suffered from 
symptoms leather different from the foregoing ; *3 gi*m. lessened 
the pulse and caused sleeplessness ; *4 to *5 grm. quickened the 
pulse, and caused a desire for frequent micturition, but no dila- 
tion of the pupil ; *8 grm. caused great uneasiness and anxiety, 
trembling of the hands and arms, so that ho was unable to write, 
and later a restless sleep, with continual dreaming. In opposi- 
tion again to all these statements, is that of the late Mr. Cooley,* 
who is said to have taken 20 grains (1*29 grm.) of pure theine 
every day for a month without experiencing any other symptom 
than some slight elevation of spirits. According to Strauch, the 
least fatal dose for cats is *25 grm., a quantity which killed a cat 
in 35 minutes. In all experiments on animals there has been 
increased frequency of the heart’s action, and repeated emptying 
of the bladder and intestine. No case of poisoning in the human 
subject apjiears to be on record. When given to animals it has 
been chemically separated from the blood, urine, and bile. 

Tesla for Theim, — Concentrated sulphuric and nitric acids 
dissolve theine in the cold without the production of colour. If 
the alkaloid is treated with fuming nitric acid, and evaporated 
to dryness, the reddish-yellow residue becomes, when moistened 
with ammonia, of a splendid purple-red colour. If a solution of 
theine be evaporated with chlorine water in a watch-glass, a red- 
brown residue is obtained, which on cooling, and exposure to the 
vapour of strong ammonia, becomes purple-violet. The chief 
precipitants of theine are — phospho-molybdic acid, yellow preci- 
pitate; iodine with potassic iodide, dirty brown precipitate; 
chloride of platinum, yellow hair-like crystals, insoluble in cold 
hydrochloric acid, slowly separating ; chlorides of gold, mercury, 
and nitrate of silver also give precipitates. 

Boheic Acid^ was first sepamted by Kochleder in 

1847,t from the leaves of Thea ainenaia. The hot watery decoc- 
tion of tea is precipitated whilst boiling by sugar of lead, filtered, 
the filtrate neutralised by ammonia, the resulting precipitate 
collected, suspended in absolute alcohol, and freed from lead by 
the filtrate from the lead precipitate is evaporated to dry- 
ness in a vacuum, and purified by re-solution in water, &c. It is 
a pale yellow amorphous powder, melting at 100* into a 
tenacious mass, and decomposing at common temperatures if 
exposed to the air. It is soluble in all proportions in water and 

* Vide Cooley’s “ Dictions^ of Practical Receipts,” Art. Caffeine. , 

t Rochleder ; Ann, Chem, Pluirm,^ Ixiii. 202. 
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alcohol, is coloured brown (but not precipitated) by chloride of 
iron, and forms for the most part amorphous salts insoluble in 
water. 

Quefi'citrinic Acid, C33H30O3LJ, first discovered by Chevreul and 
Brandt in the Quei'cus timtona, and stated by Hlasiwetz to be in 
tea leaves, can be crystallised from an aqueous solution. It 
forms sulphur or chrome-yellow microscopic tables, containing 3 
atoms of water, 2>art of which is expelled at 100°, the rest at 
from 165*^ to 200®. Its reaction is neutral, and it is without 
odour, but has a marked bitter taste when in solution. It molts 
at from 160° to 200° to a resinous, amorphous mass. Its 
solubility is as follows : — Cold water 2485, boiling 143 ; cold 
absolute alcohol 23-3, boiling 3-9; ether dissolves it slightly, 
warm acetic acid cojnously. Sugar of lead precipitates almost 
completely; the precipitate is soluble in acetic acid. 

Quercetin, first obtained by Kigaud, 1854, from the splitting uj^ 
of quercitrinic acid is, according to Filhol, to be found in the 
green leaves and flowers of all plants. Its formula is given as 
^•>0^18^12 ^ forms fine yellow needles, or a citron-yellow powder, 
which gives up at a temperature of 120®, 7 to 10 per cent, of 
water of crystallisation. It melts, according to Zwenger and 
Dronkc, above 250° without decomposition, solidifying again 
in a crystalline mass, and it may be also sublimed with only 
partial carbonisation. It is very little, soluble in water. Warm 
acetic acid dissolves it copiously, but it separates on cooling. 
It is soluble in 229-2 parts of cold, and 18-2 parts of hot 
absolute alcohol. A solution of quercetin colours linen 
bright yellow; sugar of lead precipitates the alcoholic solution 
cherry red, and chloride of iron dark red. A combination with 
sodium or potassium can be obtained, NagOjCo^HjgOjg. 

The other const! tiients of tea, such as gallic and tannic acids, 
gum, <fcc., are too well known to need description. 


ANALYSIS OF TEA. 

§ 195. We possess no complete analysis of tea ; partial analyses 
are numerous. An often quoted one by Mulder is as follows 
■* 

Essential Oil, 

Chlorophyll, 

Wax, 

Hesin, 

Gum, 


Black Tea. Green Tea. 

0*60 0-79 

1*84 2-22 

0-00 0-28 

3-64 2-22 

7*28 8-66 
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Tannin, . 

Theiuo, . 

Extractive Matter, . 
Colouring Substances, 
Albumen, 

Fibre, 

Ash (Mineral Substances), 


Black Tea. Green Tea. 
. 12*88 17-80 
0*46 0*43 

21*36 22*80 

19*10 23*6 a 

2*80 3*00 

28*33 17-80 

,5*24 6*56 


The theine here is certainly too low, but the amounts of the 
other constituents are a tolerably just representation of wlilit 
:^y be usually found. Some partial analyses recently published 
fey* Cmgendorff may be reproduced here, as probably the only 
extended and trustworthy researches on the amount of theme, 
th^ alkaloid having been extracted by a fairly reliable methlbd. 
(See amvexed table, ) 

The time is probably not far distant when the tea trade will 
buy entirely by analysis, supplemented in a few cases by a 
*^^^ter*s ” report. An experienced palate will detect partiedjar 
flavours which analysis may fail to show \ but a fairly compfetc 
chemical examination of tea is of the highest value, whether as 
a g^uide to the purchaser, or merely to show its freedom from 
adi^teration. 

i^eliminary Examinaiiwi of Tea , — The tea leaves should be 
so^ed in hot water, carefully unrolled, and their shape and 
structure examined. Sections of leaves can be made by placing 
them between two pieces of cork, and cutting fine slices off both 
the cork and the enclosed leaf ; on floating the sections in water, 
the film of cork may be readily separated from the leaf. The 
epidermis of the lower or upper surface can, with a little practice, 
be detached in small portions by the aid of a sharp razor, 
examined in water, glycerine, or dammar balsam, under the 
mi<$roscope. Its structure has been already detailed. 

§ 196. Eew Process for the Eooamination of Leaves and VegeUAle 


Tiesuea generally under the Microscoiye , — The author has recently 
discovered a very easy process for examining vegetable leavj^s. 
A inprtion of a leaf is enclosed between two. of the thin circles of 
glaciii used by all microscopists, and a weigh t^having been placed 
upo^ the upper glass, the portion of leaf thus enclosed is heated 
with A strongly alkaline solution of permanganate of potash. The 
action begins at once, and the substance under examination must 
be Examined from time to time to see that the oxidisation does not 
pro(^e4 too far. Alkaline permanganate attacks the colouring- 
nia^rs, the contents of the cells first, and afterwards the cell 
nieKbranes j the object of this treatment is to make the leaf 
tram^|>arent, and yet to preserve its structure. Tea leaves are 
vergf opaque, and it is impossible without some mechanical or 
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chemical treatment to render them transparent When fh)ni|^e 
appearance of the leaf-fragment the oxidation is consid^d 
sufficient, it is removed, washed in water, and treated a 
little strong hydrochloric acid, which ^ at once dissolve ;$ha 
manganese oxide that has been precipitated on the leaf, tod 
leaves the latter as a translucent white membrane, in which xhe 
details of structure can be readily made out — tea-leaf in this vNty 
being quite different in appearance from other leaves. A seciond 
method of very great value is to place a fragment of a leaf between 
two circles* of glass, weight the upper one with a silver coin, ^d 
burn on a bit of sheet platinum the leaf thus prepared. Sino^ it 
is impossible for the ash to curl up and become disarranged, a 
complete skeleton of siliceous ash remains, which may be called 
“ tlis skeleton ash'* 



Fig. 30. — Ash of Tea Leaf, 

, X 170. 



Fig. 31. — ^Ash of Sloe Lea( 
X 29. 



Fig. 32. — Ash of Lime, Fig. 33. — Ash of TobaCCC, 

X 29. Leaf (Cigar), x 29. • > 

These skeleton ashes of leaves (so far as the authpi^ Jjias 
hitherto been able to investigate the subject)', show suo|^' d 
cided differences the one from the other, that a great liiii|ySer 
of leaves may with a little practice be recognised .bj^tthis 
I * That is, the cove^ of thin glass used by the microscopist, ^ /j 

■■ 22 -#; 
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method alone. [It is particularly useful in detecting the adult- 
erations of tobacco, the skeleton-ash of the tobacco-leaf being 
special and peculiar.] It is sometimes well not to burn to an 
absolute ash, but to leave little bits of partially consumed carbon, 
forming objects for the microscope of great beauty. To preserve 
the ‘‘ skeleton-ash ” the two circles may be cemented together, or 
the edges may be fused by the Hame. 

Figs. 30, 31, 32, and 33 are examples of skeleton asfiesy as 
drawn on the block to scale. 

§ 197. Chemical Method for the Detection of Foreign Leaves in 
Tea. — A chemical method for the detection of foreign leaves 
(adiiltei’ants) was first described by the writer in June, 1877.* 
It is based upon two facts — firstly, that every part of a theine- 
producing plant — wood, stem, leaf, flowers, and even hairs — 
contains the alkaloid ; and, secondly, that this can be readily 
sublimed. The leaf, or fragment of a leaf, is boiled for a minute 
in a watch-glass with a very little water, a portion of buint 
magnesia equal in bulk is added, and the wliolo heated to 
boiling, and rapidly evaporated down to a large-sized drop. 
This drop is transferred to the ‘‘ subliming cell,” described in 
the second volume of this work, and if no crystalline sub- 
limate be obtained, when heated up to 110° (a temperature far 
above the subliming point of theine), the fragment cannot be 
that of a tea plant. On the other hand, if a sublimate of theine 
be obtained, it is not conclusive evidence of the presence of a 
tea leaf, since other plants of the camellia tribe contain the 
alkaloid. 

Finally, there is a negative test which may occasionally be 
valuable. All fragments of tea liitherto examined contain man- 
ganese, and there are a few foreign leaves in which manganese is 
constantly absent. Hence, if a leaf be burnt to an ash, and a 
fi*agment of the ash be taken up on a soda-bead, to which a little 
potassic nitrate has been added, the absence of the green man- 
ganate of soda would be suflicient evidence that the leaf had not 
been derived from the tea plant, while conversely, as in the case 
of theine, it does not in itself prove it to be tea. 

Another portion of the tea leaves should be thoroughly bruised, 
spread on a glass plate, and carefully searched with a magnet for 
ferruginous particles — the so-called iron-filings, which are occa- 
sionally found, especially in Capers and certain species of Congou. 
It is almost unnecessary to state that the black, irregular masses 
found in tea, and attmeted by a magnet, are not metallic iron.f 

^Micro-Chemistry as applied to the identification of tea leaves. Analyst^ 

t Mr. Allen appears to have found metallic iron in tea. The tost for 
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Their chemical composition is somewliat variable ] they all con- 
tain magnetic oxide of iron, and many of them in addition phos- 
phate of iron, titanate of iron, quartz, and mica, with a little 
sand. They are, without doubt, sometimes an adulteration (the 
author has himself found over 1 per cent.), and sometimes an 
impurity, for in a few teas mere traces only of this ferruginous 
sand may be discovered. Any particles of the kind extracted by 
the magnet should be collected and treated with hot water, which 
soon disintegrates them ; the adherent tea-dust is separated, and 
the sand dried and weighed. 

To detect facing, the tea in its dried state should be mounted 
as an opaque object.* If it has the appearance of being heavily 
faced, soaking in warm water will soon detach the him ; and 
indigo, Prussian blue, or similar substances will sink to the 
bottom, and may be collected and examined. Indigo may be 
identified by the microscope. Prussian blue may be tested for 
by warming the deposit witli caustic alkali, filtering, acidifying 
the filtrate with hydrochloric acid, filtering again if necessary, 
and testing the filtrate with ferric chloride. The residue left 
aftey treatment with caustic alkali may be tested for magnesium 
silicate, by first extracting with HCl, and then collecting the 
insoluble residue, and fusing it with an alkaline carbonate. The 
silica is now separated in the usual way by evaiwration with 
HCl to dryness, subsequent solution in weak acid, and filtration ; 
any lime is removed by ammonia and aramonic oxalate ; and 
lastly, magnesia is precipitated as ammon. mag. phosphate. 
Magnesia found under these circumstances must have been 
present as steatite or other magnesian silicate. 

metallic iron is, that nitric acid, 1*2 specific gravity, dissolves it with the 
production of red fumes ; it also precipitates metallic copper, if added to an 
acidulate<l solution of cupric sulpliate. 

* The facing of tea is thus described by M. S. Julien : “The leaves are 
mixed either with jiowdered indigo, with powdered plaster, or with slaked 
lime, sometimes even all three substances being j»ut together in small pro- 
portion to tea leaves. These matters are introduced into the basins at the 
commencement of the operation, when tlie leaves begin to be covered with a 
light dew under the iniluenco of heat. Tliese mattera attacli themselves to 
the leaves, and communicate to them the bluish-green characteristic of green 
tea. . . . In certaui manufactories Prussian blue is used instead of 

indigo,” “ Industries Ancienues et Modemes de TKinpire Chinois,” par 
MM. Stanislaux Julien et O. Champion. Paris, 1809. 
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LEAVES USED, OR SUPPOSED TO BE USED, 

AS ADULTERANTS. 

§ 198. The following is a brief description of the principal 
leaves supposed to be used as adulterants : — 

Be^h [Fagus sylvatica ). — The leaves of the beech are ovate, 
glabrous, obscurely dentate, ciliate at the edges, tlie veins 
running pai*allel to one another right to the edge. The leaf, 
slightly magnified, is seen to be divided into quadrilateral 
spaces by a network of transparent cells. On section, the 
parenchyma of the leaf is found to consist of an upper layer of 
longitudinal cells, and a lower of loose cellular tissue, enclosed 
between the epidermis of the upper and under surface. 
The whole section is thus divided into oblong spaces by trans- 
parent cells connecting the cuticle of the upper and lower sur- 
faces. The epidermis of both tlie upper and lower surfaces is 
composed of cells with an extremely sinuous outline (see fig. 'M). 
The stomata are small, not numerous, and almost round. Beech 
leaves contain manganese. 



Fig. 34. — Epidermis of Beech Leaf, x 300. 

Hawthorn {Cratcegus oxyacanUm ), — At least two varieties, the 
more common of which is the (7. monogyna^ with obovate three- 
to four-deeply lobed leaves, with the lobes acute. The leaf is 
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divided into quadrilateral spaces, like the beech and many other 
leaves, by a transparent network. The epidermis of the upper 
surface is composed of a layer of thin-walled cells, generally 
<iuadrilateral, outline seldom sinuous. The epidermis of the 
lower surface has a layer of thin- walled cells, with a very sinuous 
outline. Stomata large, distinct, and numerous, in many instances 
nearly round, but tlie sha[)e mostly oval. (See fig. 35.) 



Fig. 35. — EpiDEiiMis fpou the Under Surface of the Hawthorn 

Leaf, x 300. 

Camellia Sarifianqua , — Tlie leaves of CarneUla sasmyiqua are 
oval, obscurely st?rrate (the younger leaves entire), dark green, 
glabrous, of soinewliat leathery consistence ; the latei'al veins of 
the leaf ai'C inconspicuous. 

Micro-fitriicture , — Tlie parenchyma of the leaf is placed between 
two thickened ejiidermal layers ; the epidermis of the upper sur- 
face, as seen upon a section, forms a wrinkled, continuous, thick 
membrane, in which a cellular structure is not very evident. 
Below this there are two or three layers of large cells, more or less 
oblong, with their long diameter at right angles to the surface of 
the leaf ; and underneath this again is a loose network of cells, 
resting upon an epidermis in every respect similar to that of the 
upper surface, but only half as thick. A thin layer of either the 
upper or lower epidermis shows a peculiar dotted or reticulated 
appearance, not unlike the rugie of a stomach. The lower 
epidermis is studded with frequent stomata, small, and of an 
oblong shape (see fig. 36). 

Sloe {Prurvus communis ). — The leaves of the common sloe are 
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Fig. 36. — Epidermis of Under Surface ok the Leaf of the CamelliAf 
Sassanqua, X 300. 


rather small, elliptic or ovate-lanceolate in shape, and slightly 
downy beneath. The sectional thickness of the leaf is the same 
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as that of tea. The stomaUi or the lower surface are scanty. The 
microscopical appearances are wholly different from those of tea 
leaves, more especially as seen in section. (See fig. 37.) 

ChloranthiiH Inconspicuus . — The loaves of the Chloranthus in- 
cbmincuuH are long, oval, serrate, wrinkled, the veins running 
nearly to the edge, and there forming a network in such a manner, 
tliat at the point of intersection little knots are formed, which 



b 


Fig. 38.— (a) Epidermis op Under Surface of the Leaf op 
Chloranthus Inconspicuus, x 300. 

(6) Section near Edge. 
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give the margin of the leaf a very rough feeling. The structure 
of the leaf is A^ery simple. The epidermis of the upper surface is 
formed of one or two layers of thin-walled cells, the epidermis 
of the lower of one or two layers also of cells, and between the 
two there is a parenchyma of loose cellular tissue. The stomata 
are oval and rather numerous ; their length is from *0010 inch, 
their breadth *00073 inch. The cells of the epidermis are large, 
some of them *005 inch or more in their long diameter.* (See 

§ 109. Chemical Anali/sts, — The preliminary examination of 
the tea having been concluded, the sample is next submitted 
to chemical analysis. If the question to be decided is simply 
that of adulteration, the taste of the infusion, the pei'centage of 
extract, and a determination of the chief constituents of the ash 
are in most cases all that is necessary ; but a moixj or less complete 
examination embraces a quantitative estimation of hygroscopic 
moisture, theino, total nitrogen, tannin, extract, gum, and ash. 

§ 300 tlygroscoinc Moisinre . — The ordinary method of taking 
the hygroscoj>ic moisture of tea is to powder as finely as possible 
an indeterminate quantity of from 1 to 2 grnis., and to heat it 
in a watch-glass over the w'ater-b«ath until it ceases to lose weight. 
It should be finally weighed between two watch-glasses, since it 
rapidly absorbs moisture from the air. 

The method given is in its results incorroct, since some volatile 
oil and a small proportion of theino arc always volatilised. TJiat 
theine is actually lost is capable of rigid dfjmonstration ; it is 
only necessary to heat a few leaves of tea between two watch- 
glasses over the water-bath, and theino crystals can be readily 
discovered by the microscope. To devise a process of drying tea 
which will represent Avater only is easy ; but since the loss both 
of volatile principles and theine does not materially afiect the 
results, it is scarcely Avorth Avhile to complicate th(i analysis by 
the use either of a lower temiierature or of jn'occsses of absorp- 
tion. The highest amounts of moisture in a genuine tea which 
are on record are two specimens from Cachar, analysed by Pro- 
fessor Hodges — the one (indigenous) gave 16*06 ptir cent., tlio 
other, a hybrid, 16*2 per cent. These were, however, not com- 
mercial teas, and appear to have been simply dried in ho.ated 
rooms. The average hygi’oscopic moisture found by Mr. Wigner 

* The leaves of Epilohium angtiaUfolium (common voUlovo herb) are said to 
be extensively used in Russia for the adulteration of tea. The dried leaves 
are sold for from four to six roubles a iiound, and are used by the poorer 
clasps in tlie place of tea. Alcohol produces in infusions of e])ilobium a 
]|^ecipitate of mucilage.— PAarm. ZemcK fUr Euaslanti and Year-Book of 
Fharrnacy^ 1876. 
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in thirty-five teas, consisting of Hysons, Capers, Souchongs, Gun- 
powders, and others, was 7-67 per cent., the driest teas being the 
Hysons and Gunpowders, the moistcst the Congous : — 

Per cent. 


The inaximuiii amount of moisture found in Hyson, . 5*68 

The minimum ,, ,, ,, ,4*84: 

The maximum ,, ,, Gunpowder, 6*55 

The minimum ,, ,, ,, 4*04 

Thempimum „ ,, Congou, . 10*33 

The minimum ,, ... 6*36 


§ 201. The Eslimaiion of Theine or Caffeine. — The modern pro- 
cesses for extracting tlieine fall chiefly under three heads : — 

(1.) Extraction by treating a decoction of the theine-containing 
substances loith linie or burnt rnagnesia^ evaporation to dryness^ and 
subsequent sohition of the alkaloid by chloroform, ether, or benzine . — 
The- fundamental idea of this process, perhaps, belongs to Muller ; 
it lias also, with various modifications, been recommended by 
Clous, Oommaille, Dragendorfl*, and many otlior chemists. 

Conunaille adopts the following method : — o gi*ins. of tlie finely 
powdered and carefully sifted substance are made into a hard 
paste with 1 gnu. of calcined magnesia. Tliis, after standing 
for twenty-four hours, is dried upon a watcr-batli and powdered. 
The resulting green powder is exhausted three successive times 
in a flask with boiling chloroform, the flask being connected 
witli an inverted Liebig’s condenser, so tliat the action may be 
continued for a long time. The cool solution is filtered, the 
chloroform recovered by distillation, and the residue in the flask 
dried. Tliis residue consists of resinous fatty matters and 
theine ; the former are removed by trejitiiig the contents of the 
flask with hot water and 10 grains of powdered glass, which 
have been previously washed with dilute hydrochloric acid. 
The water is boiled and the contents shaken up with the glass; 
the resinous matters attach themselves to the latter in the form 
of little globules. The solution is poured on a wet filter, and 
the residue completely exhausted by repeated boiling with fresh 
quantities of water. On evaporating the united filtrates in a 
tared capsule, pure cafteine is left in the form of white crystals. 

Dragendorff takes 5 grms, of the substance, exhausts it with 
boiling water, e^'apo^ates to dryness, adding 2 grms. of burnt 
magnesia and 5 of ground glass; the finely powvlered residue is 
soaked in 60 cc. of ether for twenty-four hours, and finally 
thoroughly exliausted by ether. The latter, when separated and 
evaporated, leaves the theine in a tolerably pure state. He also 
states that ether may be replaced by chloroform. Cazeneuve 
and CaUlot recommend a very similar process, but magnesia is 
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replaced by recently slaked lime,* ether by chloroform. Markow- 
nikofT uses benzine instead of the solvents mentioned. 

In all the above processes there is one source of ei’ror which 
does not appear sufficiently guarded against — viz,, loss of theine 
during the evaporation to dryness, since it is absolutely impossible 
to evaporate a decoction of tea and magnesia to dryness at 100* 
without loss of the alkaloid — a loss which, so far as the author’s 
experiments go, does not take place until tlio mixture is quite 
dry. The following modification may tlierefore bo i)roposed : — 4 
to 5 grms. of the tea are boiled in afiask jirovided witli an inverted 
Liebig’s condenser for a couple of hours, the liquid and leaves 
are transferred to an evaj^orating dish, some magnesia added, 
and the whole concentrated to a pasty condition. This paste is 
treated and tlioroughly exhausted by chloroform ; the latter is 
separated and evaporated, and the chloroformic extract redis- 
solved in a little l>oiling water, the solution filtered, evaponited 
to dryness at a very gentle heat, and weighed. 

(2.) Simple Treatment of the poxodered Lea,vee bxj Solvents , — Legrif 
and Petit soften tlie leaves first with boiling water, and tlion 
extract the moist mass by the aid of chloroform. OtJiev chemists 
simply exliaust the powdered substance by chloroform or ether ; 
subsequent p\irification m»ay, of course, be necessary. 

(3.) Suhlhaation , — A method of utilising tea dust by making 
it a source of theino, was recommended by Heijnsius {Joum. 
Prac, Chem,y xlix. 317). Tho tea dust was simply treated in a 
Mohr’s benzoic acid subliming apparatus. Stenhouse improved 
this process by precipitating either a spirituous extract, or a 
decoction of tea by acetate of lead, evaporating tlie filtrate to 
dryness, mixing tho residue with sand, and subliming. These 
processes of sublimation, however, were proposed simply for the 
extraction, not the estimation, of theine. 

The writer, in 1877,t proposed the following quantitative 
method of sublimation : — A convenient quantity of tlie tea was 
boiled in tlie way mentioned, magnesia added, and the whole 
evaporated to a paste, which was spread on a thin iron plate, and 
covered with a tared glass funnel. The heat at first was very 
gentle, hwt was ultimately raised at the later stages of the pro- 
cess to 200’. Tho theine sublimes perfectly pure and anhydrous, 
and forms a coherent white coating on the sides of tlie funnel ; 
the increase of weight is simply anhydrous theine. To ensure 
success it is absolutely necessary — 

(1.) That the layer be a.s thin as possible. 

* The present writer does not believe that magnesia can be replaced with 
lime without loss of theine from decomposition, 
t Op, cU, 
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(2.) That the heat be only gradually increased. 

(3.) That tlie mixture be occasionally cooled, and then 
thoroughly stirred. 

(4.) That the sublimation be prolonged for a sufficient time. 

The siiblimation is finished when a funnel, inverted over the 
.substance, heated to about 150^, and left for half an hour, shows 
no crystals. 

All improvement on this process is to place the paste on a 
ground glass ])late, to which a flanged funnel has been ground 
so as to fit air-tight. The apparatus is then connected with a 
Lane-Fox mercury -pump, and an absolute vacuum produced. 
By the aid of a shallow sand-bath, the theine may be sublimed 
at a very gentle heat. 

§ 202. Determination of Total Nitrogen. — Peligot, and Wanklpi 
as well, has laid particular stress on the large amount of nitrogen 
contained in tea leaves. This niti’ogen is, of course, largely 
dependent on the theine, and it is (piostionablc whether, with 
the improved methods for the extraction of the latter, it is 
worth while to make a combustion, more e.specially as the 
exhausted leaves are higlily nitrogenous, from the presence of 
an albuminous body. The process is conducted in the usual 
way in a combustion tube, and best with copper oxide. The 
following arc a few determinations of total nitrogen : — 


A sample of genuine tea from Cachar, . 

Tor coat. 
4-74 

Analysed by 
Hodges. 

A hybrid variety, do., 

i!‘81 

»» 

Another sample from Cachar, 

4-42 


Sample taken from dO green teas slightly 
faced, 

1 3-76 


60 Black teas, ..... 

.S'26 

Wigner. 

0 Assam teas, ..... 

3t>4 

>« 

6 Caper teas, ..... 

332 

s» 

Assam tea, from Dr. M‘Karaai\Vs garden, 

3*88 

» ♦ 

Sample of exhausted leaves, . 

3*80 

> » 


Mr. Wanklyn has applied his ammonia process to the examina^ 
tion of tea. The soluble matter from 100 mgrms. of tea is heated 
with a 10 per cent, solution of potash in a llask fitted to a proper 
condenser, until all the ammonia is distilled over. It may be 
necessary to add w ater once or twipe, and redistil ; then 50 cc. of 
a strongly alkaline solution of permanganate of potasli are added 
and distilled ; the ammonia in tlie distillates is estimated by 
Nesslerising.” Mr. Wanklyn gives the following figures as 
yielded by a genuine tea — 


Free Ammonia 0*28 

Albuminoid Ammonia, 0*43 


0-71 
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100 mgrms. of genuine tea, sent to the writer by Dr. Shortt, 
of Madras, yielded total ammonia '81; but this is a method 
which has not been accepted by chemists, altliough it has some 
value. 

§ 203. DetermimiHon of Tannin , — The methods proposed for 
the determination of tannin are very numerous. Four only, 
however, require any notice here — viz., the gelatine process, the 
copper process, Mr. Alleii*s acetate of lead process, and Li i won- 
thal’s process. 

(1.) By Gelatine . — The best jiroccss by gelatine is decidedly 
that wliich dispenses with the drying and weighing of tlie pre- 
cipitate. A solution of gelatine is carefully made by first soak- 
ing the gelatine in cold water for twelve hours, then raising the 
heat to 100°, by placing tlie bottle on the water-bath (the 
strength should lu3 about three per cent.), and finally about *8 per 
cent, of alum should be added. A portion of the solution thus 
prepared is put into an alkali meter flask Schuster’s), and 
carefully weighed. A solution containing a known quantity of 
tannin is now titrated with the gelatine until a precii>itato no 
longer occurs ; the flask is reweighed, and the loss shows approxi- 
mately the strength of the solution. One or two more exact 
determinations will bo required to get tlie correct value. It is 
necessary to allow the precipitate now and then to settle, and a 
few drops of the supernatant fluid should bo ])laced on a watch- 
glass, to which a dro}^ of gelatine may be added, arid thus the 
point of satui’ation ascertained. The tannin in a decoction of tea 
is, of cour.se, estimated on precisely similar principles, 

(2.) Copper Process , — Wlien a single determination of tannin is 
required it is best to precipitate by copper-acetate. 2 grms. of 
tea are boiled for an hour in 100 cc. of water, the solution fil- 
tered, the filtrate boiled, and while boiling 20 to 30 cc. of solution 
of copper acetate [1 ; 20] added. The precipitate is collected, dried, 
burnt to an ash, oxidised with nitric acid, and again ignited and 
weighed. 1 grm. of CuO=l'3061 of tannin, if EeJer’s* figures 
be accepted ; if Woolfs, f then 1 grm. CuO = 1-304 tannin. 

(3.) Mr. Alienas Lead Process . — A filtered solution of lead acetate 
*5 per cent,, a solution of 5 mgrms. of pot. ferrideyanide, 5 cc. of 
strong ammonia water, and 5.cc. of pure water, and lastly, solu- 
tion of pure tannin (-1 per cent.) are required. The process 
essentially depends upon the precipitation of tannin by lead 
acetate, and using ammoniacal pot ferrideyanide as an indicator, 
^e latter agent strikes a pink colour with tannin. The solution 
is standardised by taking a known volume of the lead solution, 

* Dingler^s Poly. Joum,^ 229, 81. 

+ ZeiUchri/t f. An. CAera., 1, 104. 
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and dropping in the tannin liquid until a small portion filtered 
gives a pink colour with the indicator. 

Tea is tested in a precisely similar manner. Mr. Allen’s 
method is tolerably speedy and accurate ; the writer has, how- 
ever, found the final reaction somewhat diflSicult to observe. 

(4.) LdwenthaPs Process . — Up to the present time this method 
(originally worked out for barks) is the best we possess ; it 
depends on the oxidation by permanganate, and indigo is used 
as an indicator. It not alone gives us the tannin, but the 
amount of other astringent matters as well. The following 
solutions are required : — 

(1.) A solution of potass, permanganate, 1*333 grms. per litre. 

(2.) Precipitated indigo, 5 grms. per litre. 

(3.) Dilute sulphuric acid (i : 3). 

(4.) A solution of gelatine, 25 grms. to litre, saturated with 
table-salt.* 

(5.) A saturated sohition of pure salt, containing 25 cc. of 
sulphuric, or 50 cc. of hydrochloric acid per litre. 

The analysis as applied to the determination of tannin in 
barks is performed thus : — 10 grms., say, of sumach are taken 
and exhausted by boiling with \vater, and the solution made 
up to 1 litre; of this infiLsiou, 10 ce. arc mixed with 75 cc. of 
water, 25 cc. of the indigo .solution added, and 10 cc. of the dilute 
sulphuric acid. The permanganate solution is run drop by drop 
from the burette with constant .stirring, till the blue colour 
changes to yellow, when the amount of permanganate used is 
noted (a*). The same process is repeated with indigo and sul- 
phuric acid, and the amount read off (y) ; subtracting y from 
a? ~ total astringent matters. The permanganate oxidises both 
tannin and indigo ; but the tannin being the easier to oxidise, is 
consumed first. In order to obtain accurate results, the propor- 
tion of indigo should be sucli as to require about twice the 
quantity of permanganate which would be consumed by the 
tannin alone. Thus, if indigo alone requires 10 cc. of perman- 
ganate to decolorise it, the indigo and tannin together must not 
take more than about 15 cc. ; if it does so, the tannin must be 
diluted accordingly. The total astringent matters being known, 
the next step is to throw the taiiiqn out, and estimate the gallic 
acid and impurities. 100 cc, of the infusion are mixed with 60 
cc. of the salted gelatine infusion ; after stirring, 100 cc. of the 
salt acid solution are added, and the mixture allowed to stand 

* Liiwenthal prepares the solution by steeping 25 grms. of the finest 
Cologne glue in cold water over night ; it is then melted on the water-bath, 
saturated with NaCl. and made up to 1 litre with saturated l^aCl solution, 
filtered, and kept well corked. 
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for twelve hours It is then filtered, and an aliquot part of the 
filtrate is oxidised by pernianganate and indigo, as before. 

Lowenthal gives the following example : 10 grms. of sumach 
were boiled in 750 cc., and after cooling made up to one litre : — 


(1.) 10 cc. of sumach infusion, 
25 CO. of indigo solution 

1 consumed, . 

Pormani^anuto. 

. 1(5*0 

Do.,^ 

repeated. 

. 10*5 

50 cc. of indigo solution alone. 

33*1 
. 13*2 

Total permanganate for 20 

cc. of sumach, 

19*9 

(2.) 50 cc. filtrate from the gelatine, ) . 

2o CO. indigo solution, \ 

. 11*2 

Do., 

rei>eatetl, 

11*1 



22*3 

50 cc. indigo alone, 

. 

. 13 **2 

Gallic acid and ini purities. 

... * 

01 


Deducting 9-1 cc. from 19’l) cc. equals lOvS cc. as permanganate, 
equivalent to the tannin of 20 cc. of sumach infusion, or 0*2 grm. 
of dry sumach. It is well to ascertain the value of the perman- 
ganate solution by oxalic acid, adopting the numbers given by 
Neubauer and Oser — viz., that 0*0()3 oxalic acid is equal to 
0*04157 gallo-tannic and *062355 quercitannic acids. Should 
it be preferred to u.se tannin, the purest commercial tannin must 
be precipitated by lead, the precipitate freed from lead in the 
usual way, and the solution of pure tannin then evaporated to 
complete dryness, and a solution of convenient strength made. 
The process requires but little modification to be applicable to 
tea. 

The amount of tannin in genuine teas seems to be variable, 
S. Jauke, using the acetate of copper process, has determined 
the tannin in eighteen samples of black tea, and found as 
a maximum 9*142 per cent., as a minimum 6*922 per cent., and 
as a mean 8*1 per cent. Three samples of gi'e.en tea gave 9*94, 
8*56, and 9*57 per cent. Mr. Wigner, as a sample of very astrin- 
gent teas, gives the following ; — 

I’er cent. 


Moyone young Hyson, 39*0 

Very choice ...... 33*U 

Indian young Hyson, 39*0 

Assam tea from Dr. M‘Xaniara'8 garden, . . 27*7 
Caper, mixed, . . . . « . . 42*3 
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Exhausted tea leaves yield from 2 to 4 per cent, of tannin. A 
tea giving only 6 per cent, of tannin is to be regarded as 
suspicious, ^but care must be taken not to rely upon any single 
indication. 

§ 204. Tltjt Eo^tracL — The extract is a measure of the soluble 
matter in tea. Peligot exhausted the leaves and then redried 
tliem, and tlnis estimated the soluble matter by difference. 
Wanklyn, however, has proposed a more rapid and convenient 
method. It consists in taking 10 grms. of tea, and boiling with 
600 cc. of water, the flask being adapted to a Liebig’s condenser. 
When 50 cc. are distilled over, the process is stopped, and the 
50 cc. returned to the flask ; 50*3 grms. of tlio hot strained lifpiid 
are then weighed out and evaporated to dryness. Wigner boils 
with a vertical condenser for an hour, and finds that 1 per cent, 
strength yields tlie most constant results. Perhaps, on the 
whole, the best process is the following : — Place one part of tea 
in 100 of water, boil for one hour with a vertical condenser, and 
then take an alirpiot part of the filtered liquid for evaporation. 
In every case the time occupied in boiling, and the strength, 
should be mentioned in reporting, for t>vo analysts operating by 
different methods may ditfer as much as 6 or 8 per cent. — the 
soluble matter not being entirely removed for a very long time. 
Since the substances that are at once dissolved are really those 
upon wdiich its commercial value depends, it is a question whether 
it would not be better simply to pour boiling water on the leaves, 
let the infusion stand for one hour, and then estimate the extract, 
calling it extract of infusion. 

Any addition of exhausted leaves lowers the percentage of 
extract. The following are some determinations of extract : — 


Java tea, dried, 


Per cent 

.35*2 

Analysed by 

Peligot. 

,, not dried, . 


J2-7 

»♦ 

Pekoe, ordinary, dry. 


41-5 


,, iindricd, 

Guniwwder, dry, 


380 



51 '9 

» » 

,, iiiulried, 


485 


>, diy. • 


40-9 

»» 

,, undried, 


502 

f > 

Moyone Gunpowder, 


407 

Wigner. 



39‘3 

f 9 

9 9 


385 

It 

9 « 


37-9 

ft 

9 f 


33-3 

tt 

loix>erial, dry, . 


43 1 

Peligot. 

,, not dried, . 


39*6 

tt 

„ dry, . 


47-9 

tt 

not dried, . 


44*0 

tt 
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Hyson, dry, . 


Per cent. 

47*7 

Analysed by. 
Peligot. 

not dried, . 


43*8 

fi 

1 

1 

1 


43-6 

It 

,, not dried, 


39*8 

If 

Congou, . 


36*8 

If 

,, dried, 


40*9 

f * 

„ bon, . 


40*7 

f f 

„ „ dried, 


45*0 

ft 

,, , , . 


33 0 

Wigner. 

,, • • • 


29*8 

ft 

If • • • 


29 8 

ft 

11 • • • 


20-2 

If 

11 • • • 


2(M 

» > • 

Caper, dried, . 


39*3 

Peligot. 

„ not dried, 


35*8 

f 1 

,, . « • 


37*9 

Wignor. 

,, ... 


37*7 

f » 

11 ... 


32*4 

ft 

,, • • • 


30*0 

1 f 

Assam, dried, . 


45*4 

Peligot. 

„ not dried, . 


41*7 

tf 

,, ... 


33*3 

Wigner, 

Hyson, . 


36*8 

II 

Moyone Ydung Hyson, 


44*8 

If 

Tea direct from China, dry, 

41*7 

Wanklyn, 

>> 11 


40*2 

If 

If 99 


41*2 

99 

Indian Tea, dry, 


33*9 

A, NVynter Blyth 

If • • 


43*8 

Wigner. 

Broken Indian, 


43*4 

ft 

Indian Souchong, 


32*5 

91 

Scented Orange rckoc, 


34*2 

•9 

Manuna, tine, . 


37 0 

f f 

Himalayan Tea, 

• 

38*6 

Wanklyn. 

.. • • 

• 

35*4 



Since the extract of genuine tea appears to vary from 26 per 
cent, up to more than 40 per cent., it is unfortunately of no very 
great value for purposes of estimation. The extract, after being 
weighed, is burnt up to an ash, which will always bo found to 
be heavy, rich in alkaline salts, and varying usually from 4 to 7 
per cent. 

§ 205. The Ash . — The percentage of total ash is taken by 
burning up 1 to 5 grms. of the tea in a platinum dish. The 
leaves readily ignite, and the operation may take place at a very 
low temperature, so that there is, with care, very little volati- 
lisation of chlorides. The comparative composition of the ash 
of fresh and of exhausted tea leaves is shown in the following 
table : — 
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TABLE XXIIl. 



ZOI.LKK. 

AhH of 
fine young 
Uisialaya 
1'ea. 

HoOOEi^. 

. 

ZOLLER. 

WiGXER. 

Tea from 
Cai'-har 
(indigen- 
ous). 

Tea from 
Cachur 
(hybrid). 

Aahofa j Ash of a 
J^.xhauKted oflnumher of 

' Mixed ! Mixed 
J^eaves. Black Teas;OreeuTeas 

= { 

Potash, 

39*22 

35 200 

37*010 

7*34 

; 30*92 

28*42 

Soda, 

0*05 

4*328 

14*4:i5 

0*59 

! 1*88 

i 2*08 

Magnesia, . 

0*47 

4*39(> 

5*910 

11*45 

... 

... 

Lime, 

4*24 

8*986 

5*530 

10*76 

... 

... 

Oxide of Iron, . 

4*.38 

2*493 

2*463 

9*63 

... 

i ... 

Manganous Oxide, 

103 

1*024 

0*800 

1*97 

i * • • 

i "• 

Phosphoric Acid, 

14-55 

J8 030 

0*180 

25*41 

... 


8ul]»huric Acid, . 

trace. 

5*040 

6*3*22 

trace. 

4*88 

: 5*66 

Ciiloriue, . 

0-81 

3*513 

2*620 

trace. 


! 

Silica and Sand, 

4*35 

0*501) 

1*300 

7*57 

170 

7*50 

Charcoal, , 

. • « 

2*900 

1*830 




Carbonic Acid, . 

24-30 

13*590 

12*600 

25*28 

11*60 

6-43 

Percentage of ) 
total aSi sol- > 
uble in water, ) 

10000 

_ 

100*00 

1 

j 

1(X)’00 

100*00 

1 

1 

' 57-00 

i 

52*86 


The asli, on being cooled and weighed, is next boiled np witli 
a little water, the solul)lo portion filtered from the insoluble, and 
washed in the ordinary way. The filtrate is evaporated to dry- 
ness, very gently ignited, and returned in percentage as soluble 
ash. The insoluble ])ortion is next ti’eated with acid, and the 
remaining sand dried, ignited, and weighed. The alkalinity of 
the soluble portion should also be taken, and may be returned 
as potash. This simple examination of the ash, consuming very 
little time, gives tolerably well all the information afforded by 
a complete and exhaustive analysis. The table (XXIV.) shows 
a few percentages of ash, and may be compared with the per- 
centages of beech, bramble, ifec. 

All the analyses hitherto published show that the percentage 
of ash in genuine tea never reaches 8 per cent. An ash beyond 
8 per cent., calculated on the dried tea, is certainly adulterated* 
In the same manner, all genuine tea possesses a soluble ash not 

23 
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TABLE XXIV. 



3 a 

is 

es u 

t' 

•sSc? 

\ ="5? t. 

s 

|•’is 

u 

si 

3 

jd 

X 

i 

j 

1 Authority. 


S-s 

1 •=* 

1 

I < 

! 

* 

< 

CG 

£ 

I 

i 

Average of 17 ordinary \ 






j 

Teas from original I 
chest, consisting of 2 
Indian, 12 Congous, i 
2 Gunpowders, and 1 1 
Hyson, . . ) 

; 0*75 

1 

3*07 

2*25 

0-43 

1*38 

j 

1 0. W. Wigner. 

Maximum, 

f G 03 

3*35 

2*87 

076 

1*88 

1 > 

Minimum, 

5-53 

275 

1*99 

0*15 

1*17 

>1 

Average of 25 &iXK:ial / 
Teas, . . ) 

: 5 95 

; 3*33 

209 

0-53 

1*38 

> J 

Maximum, 

7-02 

! 3*88 

2*08 

1*07 

1*90 

>> 

Minimum, 

' 5 17 

i 2 C4 

1*33 

004 

i-os; 

Genuine Indian Tea, . 

S-Ol 

2*90 

... 

... 

... 

; A.WynterBlyth. 

Common Tea, 

! 5 92 

3*55 

... 

... 

... 

; 'W'^anklyn. 

Paraguay I’ea, . 

0*28 

4*22 

... 

... 

... 

»> 

Average of 7 Teas, 

5*75 


... 

... 

... 

A. S, Wilson, 


5 50 

3-00 

... 


• • • 

! A. H. Allen. 

Homeman’s p. black, 

530 

3*50 

... 

... 

, , , 

>> 

„ green, i 

j 5 CO 

3*80 

... 

... 

... 

ft 

Ambrosial black, . ! 

! 5 CO 

3*40 

... 

... 

... 


Genuine bik., 2s. (5d. lb., i 

i 5*001 

1 309 

... 

... 

... 

i» 

»♦ » » 

1 570 1 

' 3*28 1 

... 

... i 

... 

n 

ff »> 

6*02 

3*26 


... 

... 


ff »» 

6*34} 

3*20 

! 

! ... j 

... 

*» 

11 j * 

ClOi 

3*96 

... 

j ’ 

... 


9J tf 

575! 

306 

... 

... 1 


»> 

,, 3a lb., . 

5*50 

3*55 


i 

... 


Broken leaf, with stalks, 

5*40 

2*80 

... 

... ! 

• •• 

J* 

Caper (4 8 silica), . ; 

Mixed dry exhausted ) I 

11*40 

1*50 


\ 

i 

... 

>» 

leaves from various / 1 
Teas, . . ' 1 : 

4*30 

0*52 


1 i 

... 

f f 

Coffee leaves, 

10*32 1 

377 

... 


... 


Beech, 

4*52 

2*00 

.... 

... 

... 

Wanklyn. 

Bramble, . 

4*53 

1*84 

... 

... 

... 

»> 

Kaspbeiry, 

7-84 

1*72 

... 


... 

» 1 

Hawthorn, 

8*05 

378 

... 

... 

... 

»» 

WiUow, . .1 

9-34 

416 

... 

••• 

• •• 

y y 

Plum, 

11*90 

5*66 


... 


yy 

Elder, 

10*67 

3*19 

... 

••• 


yy 

Gooseberry, . . j 

13*50 ^ 

1 

7*83 

... 

... 

... 

>9 


less than 3 per cent. For examples of obviously impure aslies, 
Mr. Wigner’s paper may be quoted from again : — 
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Gunpowder, 

Caj[)er, 


i Total Aah. 

Soluble in 

Soluble in 
Acid. 

Silica. 

Alkali 

calculated 

Extract 

Water. 


as Potash. 






* 


19*73 

1*00 

0*15 

12*58 

0*14 

37*78 

14-44 

1-95 

2*47 

10*02 

1*03 

:i5*45 

15*20 

1 09 

5*35 

8*16 

0*01 

31*60 

15*08 

1*00 

5*05 

I 7*47 

0*73 

35*60 

12*74 

2*68 

5*44 

! 0*62 

1*04 


14*00 

2*07 

5*07 

0*00 

1*04 

... 


All tlicse teas, although imported in this state, are evidently 
mixed with sand to a considerable extent. 

§ 206. Determination of Givni, — If it is necessary to determine 
the gum in tea, as sometimes hap]M*nK, the aqueous decoction 
should be evapin’ated nearly to an extract, and the residue 
treated with methylated spirit, filtered, and washed with the 
spii'it. The gum is dissolved off the filter by tlie aid of hot 
water, and the solution evaporated to dryness, and weiglied ; it 
is then ignited to an ash, and the mineral deducted from the 
total weight.^ 

§ 207. General Reineic of the Adulter at iorifi of Tea , — The most 
frequent are, certainly, the addition of sand, generally strongly 
iiiqu-egnated with iron, the addition of foreign and exhausted 
leaves, and the addition of astringent [irinciples, such as catechu, 
4&C. All these aduiteratious must take place abroad, there being 
no evidence that a single hundredweiglit of tea has been tampered 
with in !Enghind, — the blame may lie with the home-traders, but 
proof is wanting. On the other hand, it not unfrequently happens 
that cargoes of tea recovered from sunk vessels, or teas damaged 
in some other way, are sold and blended by wholesale manufac- 
turers with those that are genuine. Such samples contain usually 

* H. Hager is {Pharm. Ctnlral, Jfalle, 1879, 258) the author of a general 
process of analysis, which possesses some good jx>ints : 10 grms. of tea are 
infused in 100 cc. of w'arm water, and allowed to stand for two days ; the 
solution is poured off, and another 100 cc. of water added to the i)artially> 
exhausted leaves, which are tlien unrolled and botanically examined. 
^ cc. of the solution are evaporated to dryness ; 10 cc. of the solution 
should give no turbidity in the cold when an equal volume of alcohol la 
added. For the estimation of theine, 10 grms. of tea, 3 grms. of sodic car- 
bonate, and 3 grms. of litharge are maile into a paste with 10 grms. of water 
dried up and extracted with chloroform. For the special detection of 
catechu, •! grm. of tea is extracted by 100 cc. of boiling water. This solu- 
tion is boiled with excess of lead oxide, and the filtrate (which must be 
clear) mixed with a solution of silver nitrate. Pure tea gives only a slight 
grey-black troubling of metallic silver, but tea adulterate with catechu a 
strong yellow lioocuiexit precipitate. 
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an excess of salt, and show more or less evidence of the addition 
of exhausted leaves. 

The facing of tea is rapidly decreasing. There has been much 
dispute as to whether this is to be considered an adulteration or 
not ; a thin film of graphite, or any other harmless substance, 
in such quantity as to add no appreciable weight, can hardly be 
called adulteration. Each case, however, must be judged of by 
its merits. A small addition of such a substance as catechu, to im- 
part astringency, is probably frequent, and difiicult of detection. 
Any amount present, to the extent of 3 per cent, or over, is 
shown by precipitating an infusion of the tea with a slight excess 
of neutral lead acetate, filtering, and adding a little dilute ferric 
chloride solution. If catechu bo present tliere is a bright-green 
colour, and ultimately a precipitate of a greyish-green colour. 
[See also Hager’s method, footnote, p. 339.] The same infusion 
nitered from the lead precipitate gives a copious precipitate with 
argentic nitrate. Mr. Allen has pointed out the advantage of 
his lead process in cases of adulteration with catechu, and it is 
self-evident ; for catechuic acids possess a precipitating power so 
widely different from that of tannin, that, if reckoned as tannin, 
there are always anomalous results, indicating a much higher 
astringency than could possibly exist, — e.^., a sample of brown 
catechu examined in this way, and reckoned as tannin, gives the 
paradoxical number of 1 1 per cent. 

Soluble iron salts, alkaline carbonates, and other substance^s, 
are stated to be occasionally added, but no conviction relative to 
these appears to be on record. Tlio soluble iron salts may, of 
course, be dissoh’ed from the tea leaves by a little coltl dilute 
acetic acid, and the liquid tested in tlic usual way; tlujre is then 
no confusion between tJie iron naturally present and tliat added. 

§ 208. Bohemian Tea* — It would seem that for some time 
there has been cultivated in Bohemia the Lithospermum officinale^ 
the common Grom well” of our country, and the leaves have 
been dried and sold as Thea Chine^nsis^ under the name of “ Bohe- 
mian Tea.” Tiiey liavo also been used for the purpose of 
adulterating Chinese tea. The Gromwcll is a plant belonging 
to the borage order, growing in dry and stony places, from a foot 
to a foot and a half high. The flower is greenish-yellow, the stem 
erect and branching, and the leaves are lanceolate, hairy beneath, 
with bulbous adpressed bristles above. They are totally unlike 
tea leaves, and the hairiness itself would be diagnostic of a leaf 
other than that of tea. The chemical composition is also entirely 
different. The mineral constituents arc excessive, and there is- 
neithor any alkaloid nor any essential oil. 

The averajfe composition of Bohemian Tea ” is as follows : — 

* A Bclohouben: Chem, OentralbL, 1880, p, 152. 



§ 208 .] ADULTERANTS OP TEA. 341 

Cellulose, . 5*9637 

Tannin, 8*2547 

l^'at, 9*2910 

Other nitrogen-free organic substances, . . 26*4941 

Albuminous matters, 24*5406 

Ash, 20-5960 

Water, 4*8599 
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MAT!*:. 

§ 209. The Mate^ or Paraguay Tea Tree {Ilex mate para- 
ffwyensis), is a small tree, belonging not to the family of the 
Ilicice^ as stated by some, but to the Celustrmece ; it reaches in 
height ordinarily 4 or 6 metres, sometimes 7. Its trunk is about 
20 cm, in circumference, and is covered by a whitish bark. The 
leaves are oblong, cuneiform, obtuse, and finely dentate. It 
has ancillary, multipartite peduncles, calyx tetrasepalous, the 
corolla with four petals in the form of a crown, style none, 
stigma 4 fid, fruit a four-celled berry. The plant grows very 
abundantly in Paragua}', North Corrientes, Oliaco, and South 
Brazil, where it forms woods called ‘ Yerbolos.^ ” 

Mat4 is prepared in Paraguay thus : — The entire trees are cut 
down, and the small branches and shoots are taken with the 
leaves, and placed in the tataeua, a plot of earth about 6 feet 
square, surrounded by a fire, wliere the plant undergoes its first 
roasting. From thence it is taken to the harbacua, or grating 
supported by a strong arch, iind(‘.rneath which burns a large lire. 
Here it is submitted to a i)articular torre faction, determined by 
experience, which develops the aromatic principle. Then it is 
reduced to a coarse powder in mortars formed of pits dug in the 
earth, and well rammed. It is next 2 ) at into fresh bullock skins, 
well pressed, and [daced in the sun to dry. The 2 >ackages 
(tercois) thus obtained weigh from 90 to 100 kilograms, and have 
an average commercial value of 1 to 2 dollars the kilogram. 

Senor Amte gives an analysis of mate — 


lu 100 parts. 

Organic combustible substances, . . . 91 *685 

Ash, 8*315 

The ash contains — 

Lime (CaO), 1 2 ’344 

Magnesia, 1 J '395 

Soda, 7 281 

Potash, 2*984 

Manjganese dioxide, . . . ' . . , 2*500 

Feme oxide, 3 410 

Sulphuric acid, • 0*920 

Hydrochloric acid, 0*710 

Phosphoric acid, 5*540 

Carbonic acid, 8*150 

Sand, silica, carbon, and loss, .... 44*754 


The enormous relative quantity of sand is a result of the 
mode of preparation in excavations made in the soil. The jdant 
contains— 
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Priuciplcs soluble in ether 9*820 

,, ,, alcohol, .... 8*432 

,, „ water, . . . . 26*208 

,, ,, water acidulated with HCl, 7*260 

,, ,, in solution of caustic 80 <la, 16*880 

Cellulose, 13*280 

Water, 9*000 

Sand 9*120 


100*00 

Theine averages 1*3 per cent. The tannin of niat6 is peculiar; 
it does not tan hides, and requires a special method for its esti- 
mation ; it amounts to about 1 6 per cent. Mate also contains a 
large quantity of a peculiar fatty matter. Mate does not exalt 
the peripheric nerves like tea, nor the cerebric like coffee, but 
appears to have, in some degree, a narcotic action. The usual 
way of taking it is by sucking it up through a reed called a 
“ boiiibilla.” 

MM. d’Arsenval and Couty have recently inquired into the 
action of mate, administering it to dogs by injection into the 
stomach. They found it diminish the carbon dioxide and oxygen 
of the arterial and venous blood to a considerable extent, some- 
times to a third or even half the normal (quantity. This action, 
which is less intense during digestion, and has no necessary 
relation to i)henomena of excitation of the sympathetic nerve- 
system, is somewhat obscure as to its ‘^mechanism;” but its 
existence proves directly the importance and nutritive value of 
the aliment in question. 

A species of Ilex — viz., Ilex aissivciy employed as a tea in 
Virginia, has been analysed by M. Kyland and T. Brown, who 


found 

Volatile oil, 0*011 

Wax and fatty matter 0*466 

Kesin, 3*404 

Chlorophyll, 2*491 

Theine, 0*122 

Tannii^ ........ 2*409 

Colouring-matter soluble in alcohol, , . . 4*844 

Extractive matter soluble in alcohol, . . 10*149 

Extractive matter insoluble in alcohol, . . 4*844 

Amidon and iHjctine, 15*277 

Fibre, 33*827 

Ash, 3*995 


COFFEE. 

§ 210. The coffee berry is the seed dried, and deprived of its 
fleshy coverings, Sf the Caffea arabica, Nat. Ord. Cinchonacm. 
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Before use tbe berries are roasted to a cliocolate brown, and 
then ground in a mill. 

Microscopical Stmcture , — The main portion of the beny is 
composed of strong, angular, thick-walled cells, as represented 
in fig. 39, a. The figure is an accurate representation of what 

was seen in a fine section 
of a sample of unroasted 
coffee, but this particular 
sample shows the cell divi- 
sions much more distinctly 
than usual. When the 
coffee has been roasted, the 
usual appearance of these 
C6ills is tliat of very dark, 
small, irregularly-triangular 
masses, representing the 



^ . contracted cell-contents set 

Fig- 39. CJoffee tissues, x 170. ^ transparent matrix, in 

•which it is difficult to trace the cell-walls. The cellular elements 


of the seed, more especially in the outer layei-s, are impregnated 
with drops of oil. A thin, tough, Japanese -paper-like memVirano 
(fig. 39, b) may be detached from the berry, and is found to be 
composed of a scries of spindle-shaped fibres attached to a tissue 
w^hich shows signs of fibrillation, and is probably composed of a 
number of very fine fibres, adhering by their edges, so as to form 
a continuous sheet. 


The microscopical structure just described separates and dis- 
tinguish es coffee at once from all other known berries or seeds, 
while the tissues of roots, such as chicory (consisting of loose, 
thin-walled, vegetable cells, with a greater or less admixture of 
large spiral vessels), are entirely diflerent, and may be said, 
indeed, to be built on a different plan. 

§ 211. Chemical Chan</€s dining RoaMhuj , — The effect of roast- 
ing is to drive off a large quantity of water, to volatilise a small 
quantity of theine, to change a portion of the sugar into caramel, 
to rupture the cell -layers containing fat and albumen, and to 
swell the berry by the extrication of gases, consisting mainly of 
carbon dioxide. There is also deveIo])ed a fragrant aromatic 
substance, a single drop of which is sufficient to scent a large 
room with the peculiar coffee odour ; the best temperature for 
the production of this aroma is 210'*. That during roasting 
there is an actual loss of theine, ^ is easily proved by holding a 
glass plate oyer the heated berries ; in a very little time crystals 
of the alkaloid condense. Tenneck found in unroastod coffee *75 
per cent., and in the same roasted, *42 per ceift. theine. It would 
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appear that roasted coffee gives up more to water than does raw 
coffee ; for Cadet found that beans roasted to a light brown 
yielded to water 12*3 por cent.; to a nut-brown, 16-5 per cent.; 
and to a dark-brown, 21-7 per cent. Vogel also gives the 
soluble matters in raw coffee as 28 per cent.; and in roasted, 39 
per cent. The amount of sugar changed is always considerable ; 
thus, Graham and Stenhouse found the following differences in 
the i)ercentage of sugar between the raw and roasted coffees : — 


Highest amount, .... 

Raw. 

Per cent. 

7*78 

Roasted 
Per cent. 

1*14 

Lowest amount, .... 

5*70 

... 

A verasm of twelve si>ecimens grown in ) 

0*97 

0*26 

different places, . . . ) 


Kbnig has studied the changes taking place in roasting, and 
his views and experiments are as follows* : — 

300 grms. of coffee-berries containing 11*29 per cent, water gave, on 
roasting to a light brown colour, 246*7 grnis. of roasted coffee, containing 
3*19 per cent, water. We have therefore — 

1. Taken 300 grms. coffee berries, . =: 266*15 grms. dry substance. 

2. Obtained 246 grms. roasted coffee, ^=238*83" „ ,, 

Then loss, 53*3 grms., , . . —27*32 grins, dry substance. 

Or in per cent., 17 * 77 , . . . = 9*1 l^xircciit. organic substance. 

Hence, in roasting, 8*66 per cent, of water, and 9*11 per cent, of organic 
substances have 1>een lost. This is divided among the constituents of 
codec as follows. (Sec Table XXV.) 

§ 212. ConMituents of Coffee , — The main properties of coffee 
are apparently duo to four distinctive substances : — (1.) Unessential 
oil, not yet com[dotely studied; (2.) caffeo tannic acid; (3.) theine 
or caffeine ; (4.) a concrete oil or fatty substance. 

Tlieiney or Caffeine^ is described at p. 31G. 

CaffeO’tannic Aciclj was first ohsei'ved by Plaff, in the 

seeds and^ leaves of the coffee ]ilant ; it also occurs iu the root of 
the Chiococcii racemosa, and iu the leaves of the Ile,v j^ciragvayensis^ 
S. Hil. It may be separated from cofleo by fractional precipita- 
tion of the infusion with acetate of lead. The precipitate, at 
first falling, consists of citrate with caileo-tannate of lead ; but 
later on, the latter occurs alone, and can be washed with water 
and decomposed by SH^ in the usual way. Caffeo-tannic acid 
thus obtained is a brittle, yellowish mass, easily powdered, and of 
feeble acid reaction. It is supposed to exist in the plant in com- 
bination with potash and theine. It is scarcely soluble in ether, 
but dissolves easily in water or in alcohol. The solution gives a 

“** Hahrongs-und Genussmittel, Bd. iL, 479. 




Theine subtracted. 
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dark-green colour with chloride of iron, or if dissolved in aqueous 
solution of ammonia, tlie alkaline earths, or the alkalies, a red- 
dish-yellow or yellow colour. If caffeo-tannic acid be decomposed 
with 3 parts of solid potash, the end product is protocatechuic 
acid. If it be boiled with 5 parts of potash-lye (1*25 specific 
gravity) for three-t^uarters of an hour, and then neutralised by 
sulphuric acid, cafieic acid (CgHj^O^) crystallises out, and can be 
obtained in straw-yellow prisms and plates by recrystallisation 
from hot water. It colours chloride of iron grass-green, is 
oxidised by nitric acid into oxalic acid, and is decomposed by 
potash into protocatecliuic and acetic acids. 

Coffee Fat , — The coffee fiit can be obtained from an alcoholic 
extract of coffee ; part separates on cooling the fluid to 0% the 
rest on dilution witli water. It is white, without odour, of a 
buttery consistence, melting at 37" *5, and becomes rancid on 
exposure to the air. According to liochleder {Wien AkaJ. Ber,^ 
xxiv. 40), it contains the glyceride of palmitic acid and of an 
acid of the composition 

C. O. Cecil * ,exhaasteil 50 lbs. with alcohol and ether, and 
obtained 1,200 grins, of a thick green fluid oil, and after a time 
fine crystals of theine separated. After six months the oil, 
although in closed flasks, began to be turbid, and gradually little 
groups of crystals s<q»arated and sank to the bottom. After the 
lapse of three years, the flask was found to be about two-thirds 
filled with crystals of the more solid fats, but the upper layer 
was beautifully green. 

There are also citrates, and probably other organic acids and 
nitrates in coffee. J. Buig found in raw dry coffee *054 per 
cent, of nitrate of potash, in roast *011 per cent. 

The following table gives the general composition of various 
commercial varieties of coffee : — 






Tannic 







c: 


and 

X 

o 


t Ph08- 




Fat. 

Caffoo- 

"S 

Ash. 

Potash, phoric 





tannic 




Acid. 





Acids. 

s 




Finest J amaica Plan- ) 
tation, . . .(i 

25*3 

1*43 

14*76 

22*7 

33*8 

3*8 

1*87 

0*31 

Finest Green Mocha, 

22(> 

0*64 

21*79 

23*1 

29*9 

4*1 

2*13 

0*42 

Ceylon Plantation, . j 

23-8 

1*53 

14*87 1 

1 20*9 

36*0 

4*0 

... 

0-27 

Washed Rio, . 

27*4 

1*14 

16 *95 j 

1 20*9 

32*5 

4*5 

... 

0*51 

Costa Bica, 

20*6 

1*18 

21*12 

21*1 

33D 

49 

... 

0*46 

Malabar, 

25*8 

0*88 

18*80 

20*7 

31-9 

4*3 

••• 

0*60 

East Indian, . 

.... i 

24*4 

1*01 

17 00 

19*5 

36*4 

... 

... 

... 


* Journ, fur Prak. Chemie^ xxii. 398. 
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Some analyses of Di^a^endorlT may be also quoted : — * 

TABLE XXVI. 



Caffeine. 
Per ceut. 

i 

Ash. 
Per cent. 

Potash. 
Per cent. 

Phosphoric 
Acid. 
Per cent 

1. Brown Preanger, . 

0-71 

4*80 


0*42 

2. Mocha, yellow, very fine. 

0-04 

4-06 

213 

0*42 

3. !Menado, yellow, 

1-22 

4 -93 

• •• 

0*39 

4. ,, blue, 

1*38 

4*11 


0*36 

5. Alexandrian Mocha, 

0*84 

410 

• « • 

0-44 

0. Jamaica Plantation, very line, 

1*43 

3-83 

1*87 

0*31 

7. Surinam, 1st quality (Java), . 

1*78 

4-39 

... 

0*56 

8. Preanger, .... 

0-93 

4*30 

••• 

0*35 

9. Surinam, 2Dd quality (Java), . 

1*04 

4*77 

... 

0*33 

10. Ceylon Plantation, . 

0*78 

4-02 


0*31 

11, YeUow Java, . 

0*88 

4*31 

... 

0*28 

12. West Indian (Java), 

1 *22 i 

1 4*21 

j 

0 32 

13. Mysore, 

1-23 

4*20 

2-12 

0*31 

14. Malabar, .... 

0*88 

4*27 


' 000 

‘ 13. Java, 

2*21 

4*01 ; 

... 

1 0*41 

10. Costa Rica, .... 

1*18 

4-94 

. . . 

0*46 

17. Ceylon Plantation, , . . | 

1-33 1 

4*00 1 

... 

1 0*27 

j ik Washed Rio | 

1*14 i 

4*53 I 

... 

0*01 

j 19. Native Ceylon, . , . ; 

114 i 

4 *05 1 

... 

0*72 

! 20. „ „ 1st quality, . i 

0-87 ; 

4-05 i 


0*41 

! 21. ,, ,, 2nd „ 

1-54 

4*80 j 


0*44 

j 22. African Mocha, . . . j 

0-70 

4*70 i 

2-80 

0*38 

j 23. Jamaica, . . . . i 

0*07 i 

4*82 1 

2*83 

0*42 

! 24. Native Ceylon, 3rd (piality, . j 

1*59 

4-87 1 

2*00 

0*40 

25. Santos, 

1 *40 i 

4*81 i 

I 

2*07 1 

1 

0*48 


§213. A nalysis of Coffee * — Tlie hygroscopic moisture, theine, 


I'here is also a very olahorate analysis of coffee made by Payen, at a 
date when food analysis was not so well understood as now. It is probably 
a fair apiJToxiination as rei'ards the more important constituents, but the 
j>ercentage of ash can hardly be correct. 


Cellulose, 34*000 

AVater (Hygros.), 12-000 

Fat, 10 to 13 -000 

Glucose, Dextrine, &c., 15*000 

I.4)^iznin, ........ 10*000 

Caneate of Potash and Caffeine, . . . 3*5 to 5*000 

Nitrogenous substance, 3*000 

Free Caffeine, 0*800 

Concrete Essential Oil, 0*001 

Aromatic Fluid Essential Oil, 0*002 

Ash 6W 
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gum, astringent principles, and ash are all determined precisely 
as in the case of tea. 

The coffee fat may be conveniently estimated by putting a 
known quantity in the fat-extraction apparatus figured at page 
67 ; the best solvent to use will be petroleum ether, since it 
has less solvent action on the theine than ether. When the 
process is finished, tlio petroleum is evaporated to dryness in a 
tared dish. As thus obtained, the fat is almost, but not quite, 
pure. 


ADULTERATIONS OF COFFEE AND THEIR DETECTION. 

§ 214. Tlie sophistications usually enumerated are chicory, 
roasted wlieat and beans, rye and potato flours, mangel- w’urzel, 
acorns, lupine seeds, ground date-stones, and burnt sugar. The 
coffee is usually adulterated when in i)owder, but pat(5nts have 
been taken out for compressing gi'ound coffee w'ith chicory into 
the shape of berries. 

Tlie sophistication of coffee was at one time a regularly- 
organised industry ; and tliere existed, some years ago, two 
manufactories in France — one at Lyons and the other at Havre — 
expressly established for tlie purpose of mixing coftee with burnt 
cereals and the scorched outer covering of cocoa. Without 
venturing to assert that coffee is at the present time adultemted 
in England with chicory alone, it is certain that other admix- 
tures are of the greatest rarity. 

A preliminary examination will in a few minutes detect, sa 
far as chicory is concerned, whether it has been added or not. 
If the ground coffee be sprinkled on waiei’, nearly the whole of 
it floats ; if chicory be prc.seiit, the chicory separates and sinks to 
the bottom, imparting a brown colour to the liquid. In this way, 
indeed, a tolerably complete separation of coftee and chicory may 
with care be obtained. The portions which sink to the bottom 
are, of course, examined microscopically. Tliey are always soft 
to the touch, very different from the hard, gritty feeling of coffee 
particles ; and put under the microscope, the difference of struc- 
ture is at once apparent, for the loose, large cells of the chicory 
root, with dotted vessels and branching laticiferous ducts, are 
readily seen and appreciated. ♦ 

* Chicory is so readily detected that we scarcely require a direct chemi- 
cal test. A. Franz has, howev^er, pointed out that an infusion of coffee, 
when treated with copper acetate and filtered, yields a greenish-yellow 
filtrate; an infusion of coffee containing chicory yields, when similarly 
treated, a dark red-brown filtrate.— A rcA. Plharm, [5], 298-302. 

A method of detecting chicory has been described by C. Hussou. 
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When chicory is mixed with coffee, the chemical composition 
of the mixture shows, in some particulars, a marked deviation 
from that of pure coffee. 

Letheby’s analysis of chicory is as follows ; — 



Raw root 

Kiln dried 

Hygroscopic Moisture, 

77 0 

15*0 

Gummy Matter, * . . . . 

7*6 

20*8 

Glucose or (^rape Sugar, 

ll 

10-5 

Bitter Kxtractive 

40 

10*3 

Fatty Matters, . . 

0 0 

1*0 

Cellulose, Inuline, and Woody Matter, 

0 0 

20*5 

^ish, 

0-8 

30 

Composition of the roasted root : — 

(1-) 

(2.) 

Hygroscopic Moisture, 

14-0 

12*8 

Gummy Matter, ..... 

0-5 

14*0 

Glucose, ...... 

12*2 

10*4 

Matter like Burnt Sugar, 

20 1 

24*4 

Fatty Matter, 

2 0 

2*2 

Brown or Burnt Woody Matter, 

28*4 

28*5 

Ash, 

4-3 

C-8 

The a«h of these had the following com 

position : 

— 

Chloride of Potassium, 

0-22 

0*45 

Sulphate of , , ... 

0 07 

008 

Phosphate of ,, 

1.41 

1*37 

,, Magnesia, 

u*oo 

0*53 

,, Lime, 

0-40 

0*81 

Carbonate of ,, . . . 

OTO 

0-26 

Alumina and Oxide of Iron, 

0*20 

0*20 

Saud, 

0*70 

2*20 


Chicory influences tlie composition of coffee as follows : — 

(1.) It decreases the gum, the latter seldom rising in chicory 
to more than 15 per cent., whilst in coffee it has not been found 
less than from 21 up to 2S per cent. 

Accordlag to the latter, the chicory is often prepared by roasting with 
rancid fat. He discovers this by putting in a flask 10 ctris. of chicory with 
50 gmis. of glycerine and 20 drops of hydrochloric acid, and the mixture is 
boiled and Altered. The filtrate is added to an equal volume of ether, 
Jind placed in a flask which, again, is put in a bath with boiling water. 
When pure ether- vapour rushes out of the bottle, the vapour is lit, and under 
the combined heat, the fatty matter rises to the surface of the glycerine, and 
is dissolved in the ether. When the flame diminishes in intensity, it is 
extinguished, and the ether allowed to eva^rate spontaneously. On 
exposure to cold, fatty drops form gradually ; these are examined by the 
microscope^ and are drops of crystallme fats, such as are not yielded by pure 
coffee. 
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(2.) It increases in sugar, roasted coffee having seldom so 
much as 2 per cent, of sugar ; whilst chicory, when roasted, 
usually has at least 8 or 9 per cent. 

(3.) It decreases the fatty matter, the fat of chicory ranging 
from 1 to over 2 per cent., that of coffee from about 14 per cent, 
up to over 20 per cent. 

(4.) It decreases the tannin and caffeo-tannic acids, chicory 
being destitute of tannin. 

(5.) It decreases the caffeine, chicory possessing no alkaloid. 

(6. ) It profoundly modifies the constitution of the ash, especially 
by introducing silica, whicli is not a component of coffee ash. 
The main differences are thus as follows : — 


Silica and Sand, . 
Carbonic Acid, 
Sesquioxide of Iron, 
Chlorine, 

Phosphoric Acid, . 
Total Soluble Ash, 


Coffee Aah. 
Per cent. 

! 14*92 

0 44 to (1*98 
0 *26 to 1*11 
10 *00 to 11*00 
75*00 to 8e5*00 


(/hicory A»h. 
Per cent. 

10 *(>9 to 35*88 
1*78 to 3 19 
3*13 to 5-32 
3 *28 to 4 *93 
5*00 to 6*00 
21 00 to 35 00 


Some ap]>roximate idea (although no accurate results) may 
be obtained of the amount of chicory present, if a careful 
determination of the soluble ash is made. If we take the 
soluble ash of chicory as 1*74, and that of coffee as 3 per cent., 
then the following table may be used : 


TABLE XXVII.,— CiviNO thk Theoretical Qu.axtity of Soluble 
A sir, CouKESPOMUN<j TO Various Admixtckes of Chicory 
AND Coffee. 


Percentage of 
Chicory. 

Percentage of 
Soluble Ash. 

1 

j Percentage of 
j Chicory. 

L .. 

Percentage of 
Soluble Ash. 

5 

2*94 

i 50 

2*58 

10 

2*88 

55 

2*56 

15 

2*82 

60 

2*52 

20 

2*79 

65 

2*50 

25 

2*74 

70 

2*48 

30 

2*70 

75 

2*46 

35 

2*67 

80 

2*43 

40 

2*64 

85 

2*41 

45 

2 *(50 

90 

2*40 


By making standard infusions of pure coffee and chicory^ and 
then taking the same weight of the suspected coffee, and com- 
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paring the colour, it is possible to obtain some idea of the 
quantity of chicory added 

Leebody recommends this to be done as follows Take 1 grm. 
of the unknown mixture, and 1 grm. of a standard mixture of 
equal parts of chicory and coffee; remove all the colouring- 
matter from each sample, and make tlie extract of each up te 
the same bulk. Put 50 cc. of the filtered extract from the 
uyiknown mixture in the Nessler cylinder, and determine by trial 
how many cc. of the extract from the standard mixture, together 
with sufficient distilled water to make up the 50 cc., will give 
the same colour. In calculating the percentage of chicory 
present, closely accurate results are obtained in practice by 
assuming the tinctorial power of chicory to be three times that 
of coffee. — (J. R. Leebody, Chemical News^ xxx. 243.) 

Messrs. Graham, Stenhouse, and Campbell proposed to take 
the density of different infusions of coffee, cl:c., as a guide to its. 
adulteration; and this is found in practice to work tolerably 
well, and to give approximative results. The following solutions 
were made by them by first treating the powder ‘of the roasted 
substance with ten times its weight of cold water, boiling, and 
filtering, and determining the density at 60"^ Falir. : — 


Spent Tan, . 






1002*14 

Lupine Se^, . 






1005*70 

Acorns, .... 






1007*30 

Peas, .... 






1007*30 

Mocha Coffee, 






lOOSOO 

Beans, .... 






1008*40 

Neilgherry Coffee, 






1008*40 

Plantation Ceylon Coffee, 






1008*70 

Java Coffee, . 






1008*70 

Jamaica Coffee, 






1008*70 

Costa Hica Coffee, 






1009 00 







1009*05 

Native Ceylon Coffee, . 






1009*00 

Brown Malt, . 






1010 90 

Parsnips, 






1014*30 

Carrots, 






1017*10 

Bouka, .... 






1018*50 

Black Malt, . 


,, 




1021-20 

Turnips, 






1021*40 

Bye-meal, 






1021-60 

Dandelion Boot, . 






1021*90 

Bod-Beet, 






1022-10 

English Chicory, . 






1021*70 

Yorkshire Chicory, 






1019*10 

Foreign Chicory, . 






1022*60 

Guernsey Chicory, 






1023*26 

Mangel-Wurzel, . 






1023*60 

Maize, .... 






1026-30 

Bread Raspings, . 






1026*30 
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When the microscope lias detected chicory, and it is certain 
that nothing but chicory is present, the most relialilo guide is 
the density of the infusion. Of the strength given, if the 
specific gravity of coffee infusion be taken as 1000-5 and that of 
chicory as 1022*0, then the following table, from the author’s 
experiments, will V>e a fair guide to the amount of adulteration. 
The error usually lies within three per cent., while with regard 
to the soluble ash, the possible eiTor is much higher. It lienee 
follows that the analyst must be very cai'cjful in his statements 
as to the percentage of chicory^. The certificate should say 
ahont . . . percent,;^* or supposing that from the soluble ash 
and from the specific gravity, as well as from the microscopical 
examination, a cotlee seems to contain 40 per cent, of chicory, it 
will bc5 safe to subtract 5 p(*r (rent, for error, and give the 
amount as at least 35 p^r centy 


TABLE XXVm., orviNo tub Ai‘pko\'imatk PsTa ENTAi.-E of Chicory in 
A Decoction of Coffee and Chicory. 


Sijeclflc 

gravity. 

Popceiitage 
of(-hicory 
in Mixture. 

1 Specific 
gravity. 

PercoTititgc! ! 
ofChicofyi! 
in Mixture.’, 

j! 

iPorcentage 
. of Chicory 
In Mixture 

i 

' Specific 
gi-avity. 

Percentage 
of Chicory 
in Mixture. 

1000*0 

3 74 

! 

' 1011*5 

1 22*27 

, 10140 

40-74 

1016*5 

59-26 

1009 1 

4*39 

i 1011*6 

1 23*02 

1014*1 

41-49 

1016-6 

(K)*0l 

1009 -2 

5*14 

1011*7 

; 23*77 

i 1014-2 

42-24 

1016-7 

60*76 

1009*3 

5*89 

1011-8 

; 24-52 

!; 1014-3 

42-99 

1016*8 

61*51 

1000*4 

G-(>4 

1 1011*9 

25*27 

; 1014-4 

43-74 

1 1016-9 

62*26 

1000*5 

7*39 

i 1012*0 

25*93 

' 1014-5 

44*49 

' 1017*0 

62*97 

100J)*6 

8*14 

j 1012*1 

26-68 

; 1014-6 

45-24 

1017*1 

63-72 

1009-7 

8*89 

i 1012-2 

27*43 

1014-7 

45-99 

1017*2 

64*47 

1000*8 

9*64 

1012-3 

28-18 

1014-8 

46*74 

1017*3 

65**22 

>1009 *0 

10*39 

1012-4 

28-93 

; 1014-9 

47-49 

1017*4 

65*97 

1010 0 

11*12 

1012-5 

29-68 

i 1015-0 

48-15 

i 1017*5 

66*72 

1010*1 

11*87 

1012 •() 

30*43 

; 1015-1 

48*90 

; 1017*6 

67*47 

1010 2 

12*02 i 

1012-7 

31*18 

: 1015-2 

49*65 

1017*7 

68*22 

1010*3 

13*37 i 

1012-8 

31*93 

1015-3 

50*40 

i 1017*8 

68*97 

1010*4 

14 12 i 

1012 9 

32*68 

: 1015*4 

51*15 

1017*9 

69*72 

1010*5 

14*87 ! 

1013-0 

33*34 

: 1015*5 

51*90 

1018*0 

70*38 

1010*6 

15*02 i 

1013*1 

34*09 

• 1015*6 

52*65 

i 1018*1 

71*12 

1010*7 

16*37 

1013*2 

34*84 

; 1015*7 

53*40 

1018*2 

71*87 

1010*8 

1712 

1013*3 

35*59 

! 1015-8 

54*15 

j 1018*3 

72*62 

1010*9 

17*87 

1013*4 

36*34 

1 1015-9 

54*90 

j 1018*4 

73*37 

1011*0 

18*52 

1013*6 

37*09 

1 10160 

i 55-66 

! 1018*5 

74*15 

1011*1 

19*27 

1013-6 

37*84 

1 1016-1 

1 66*40 

i 1018*6 

74*90 

1011*2 

20 02 

1013*7 

38*59 

j 1016-2 

57*15 

i 1018*7 

76*65 

1011*3 

20*77 

1013*8 

39 34 

1016*3 

57*90 

1 1018*8 

76*40 

1011*4 

21*62 

1013‘9 

40*09 

1016*4 

1 

58*65 

L ! 

1018*9 

1019*0 

77*15 

77*78 
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§ 215. W. L. Hiepe, taking into consideration the fact that 
pure coffee has *03 per cent, of chlorine, while chicory has *28 
per cent, of chlorine, has proposed to calculate the percentage of 
mixtures on this data. If this method should be accepted, it will 
necessitate a most careful incineration ; for in the majority of 
ordinary cases involving ash-taking, two-thirds of the chlorine is 
volatilised. 

Prunier, again, has attempted to determine the coffee directly 
by weight : 2 grms. of the mixture of coffee and chicory are 
weighed out, and the finer powder is separated by sifting^ 
through fine silk. This is composed entirely of coffee, as may 
be proved by microscopic examination. That which remains on 
the silk sieve is moistened with water in a test glass ; after 
some hours it is thrown upon a piece of stretched cloth, and 
crushed with the fingers. The grains of coffee resist the pres- 
sure, whilst those of chicory penetrate under these circumstances 
into the cloth, and adhere to it. The cloth is dried, and it is 
then easy to detach the coffee, which is added to the tine 
powder from the fii*st operation, and weighed after complete 
drying ; the chicory is calculated from the loss. 

H. Hager’s recent investigations into coftee adulteration may 
be detailed as follows : — To examine the uni'oasted coffee for 
artificial colouring-matters, he treats the berries with cold water;, 
when, if the berries are in their natural state, the water is scarcely 
coloured. 50 grms. are next macerated witli water, to which 
1 per cent, of nitric acid has been added, and then hydric sul- 
phide is passed through the filtrate ; from this solution chloro- 
form will extract indigo if present. Berlin-blue and alkanet pig- 
ment may be dissolved out from the berries by carbonate of potash 
solution, and then precipitated by hydrochloric acid. Ho finds 
also that when thrown into water, imitation or artificial berries 
will sink to the bottom, while good berries swim. On treating 
3 grms, of powdered coffee with 20 grms. of cold water, and 
filtering, after the lapse of half an hour the filti*ate should be 
feebly yellow, and not taste in the least degree bitter ; in 
presence of lupin-seeds the taste is markedly bitter. 

With regard to the swimming test,” he recommends a 
saturated solution of rock salt. 2 grms. of the coffee are placed 
in a narrow test cylinder with 15 to 20 ca of the cold saline solu- 
tion; the coffee is shaken up with this, and then allowed to 
stand for an hour; after this time the coffee swims to the sur- 
face, and the water remains uncoloured. Lupin-seeds generally 
colour the salt solution yellow, and give a strong deposit. 
The filtrate from pure coffee gives no precipitate with picric 
add, tanniiv iodine, or alkaline copper. Ferric chloride strikes* 
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a green colour with false coffee ; with starches iodine strikes a 
blue colour; with astringent matters, ferric chloride a black 
colour ; if sugar from chicory, dates, &c., is present, alkaline 
copper solution is reduced. 

Lupin-seeds give, when extracted by weak sulphuric acid 
water, only a slight turbidity with mercury potassic iodide. 
Coffee, on the contrary, under the same circumstances, gives a 
strong turbidity ; but if this is doubtful, the theine can be 
extracted from the solution by shaking it with chloroform or 
benzole, which dissolves the theine, but leaves the lupin. 

Hager has also a different method of taking the “ extract 
10 grms. of coffee, 1 grm. of oxalic acid, and 80 cc. of water are 
mixed by shaking, and digested at lOO"" for 3 hours, filtered, and 
washed with water until the filtrate is no longer coloured. The 
filtrate is evaporated to dryness. Pure coffee at the most yields in 
this manner 2 5 to 3 grms. of extract (including the oxalic acid), 
while chicory gives 5 to 7 grms,, and other substances similarly 
much increase the extract. His reason for using oxalic acid is 
because of its changing starch into dextrine, and quickening the 
filtration. 

§ 216. The seeds of Cassia ocddentalis * are now being, to 
some extent, used as an adulterant, and as a substitute for cofiee. 
In Germany the ground and i*oasted seeds have been sold under 
the name of ‘‘ Mogdad ” cofiee, and it is said that neither by the 
taste nor by the general appearance can the addition of cassia 
seeds be detected, if such addition tloos not exceed one-fifth of 
the weight of the coliV^fe. The seeds are small, flattened, oval, 
smooth, marked on each side of the two flattened surfaces with 
a slight circular groove or depression ; when magnified the sur- 
face of the seed is somewhat tuberculated. 

The integuments are wonderfully hard and leatliery, and in 
the fresh state most difficult to grind or cut ; they are, indeed, 
about the consistence of the leathery seeds of Nux vomica. The 
microscopical structure is very distinctive ; the covering of the 
seed has first a layer of hard tissue, with fine striae-like, per- 
pendicular tubes radiating from the centre towards the circum- 
ference. These have a marked resemblance to the dentine of 
teeth, and may be appropriately called the dentine-like layer. 
There is a dark layer beneath the dentine layer, and this 
passes into some thick- walled four- to five-sided oblong cells, 
filled with an orange-red coloxiring-inatter. Within the coloured 
cells ai-e oval, round, or angular cells (according to the pressure), 


* Holier : J, JDingl. Pol, Joum,^ 237, p. 61 ; 238, p. 164. 
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filled witli gi*anulju- matter, and making up most of the sub- 
stance of the seed (see fig. 40). 



Fig. 40. — Section of Seed of Cmsia occidenialiH^ x 170. 


The composition of Mogclad cofi'ee is as follows 


Cellulose, 121 

Fatty oil, 2*55 

Plant mucus, . 30*60 

Astringent substance, gallo-taniiic acid, . , 5*23 

Inorganic salts, 4*33 

Nitrogenous organic matters and loss, . . 15*13 

Nitrogen-free organic matter, . , . , 3 86 

Water, 1 1 *09 


§ 217. Date Coffee , — Eecently there has been established a 
company for the manufacture of what is termed “ Date coflee,** 
a preparation made from terrified dates, and mixed with colFee, 
in the proportion of one-fourth coflee and three-fourths dates. 
A sample recently examined presented the a^ipearance of a dark- 
brown, rather sticky powder, having a sweetish smell, but no 
coffee odour. On being thrown into water the water was imme- 
diately coloured, and the powder sank to the bottom. The 
specific gravity of the infusion was nearly that of pure chicory, 
viz,, 1019*6, The microscope showed some fragments of coffee, 
as well as large loose cells and structures, quite different from. 

*^The seeds of Caaiia occiderUalia give 10 per cent* of ash. 
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those of coffee, and there scarcely a trace of theine. The 
general analysis gave : — 






Per cent 

Water, 

. . • 

, 

, , 

5-25 

Sugar, 

. 

, 

• 

. 15*29 

Extract, 

. . . 

, , 

. 

. 46*50 

Total ash, 

J Soluble, 

( Insoluble, 

1*87 1 
l*07l ■ 

, 

2*85 


The ash contained *262 1^0^ and *13 silica ; *628 per cent, of an 
oily and resinous matter was also separated. The large amount 
of sugar would alone be sufficient to distinguish it from coffee, and 
there will not be the slightest difficulty in the identification of 
the substance should it bo ever used in such a manner as to como 
under the Sale of Food and Drugs Act. 

In regard to otlier adulterations, a great variety of starch- 
holding substances, with the cereals, may be entirely excluded, 
as certainly not present, if no dirty-blue or violet coloration is 
produced by iodine in an infusion of coffee. In order to a]>ply 
this test properly, the infusion should be decolourised, which is 
most rapidly done by a solution of permanganate of potash. 
Coffee itself, as before stated, contains no starch. 

Burnt sugar, or caramel, is usually detected by observing tlie 
rapid darkening of water on which a little coffee is sprinkled, and 
the particles (on examination in water by tlie microscope) reveal 
themselves by the absence of oi-ganised structure, and tin? coloured 
ring, arising from partial solution, round each. 
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COCOA AND CHOCOLATE. 

§. 218. The cocoa of commerce is made from the roasted seeds* 
of the Theobroma cacao, a tree belonging to the natural order 
Byttneriacece, whole forests of which exist in Demerara. It is 
also more or less extensively grown in Central America, Brazil, 
Peru, Caraccas, Venezuela, Ecuador, Cvenada, Esser|iiibo, Guaya- 
quil, Surinam, and some of the West Indian Islands ; and its 
cultivation has also been attempted (in most cases successfully) 
in the East Indies, Australia, the Philippine Islands, the Mauri- 
tius, Madagascar, and Bourbon. 

The principal kinds of cocoa in commerce are known under 
the names of Caraccas, Surinam, Trinidad, Grenada, Jamaica, 
Dominica, Guayaquil, Venezuela, Baliia, Brazil, and St, Lucia. 
Tlie seeds are officinal in the French and Norwegian pharma- 
copoeias. They are ovate, flattened, 2 to 2i cm. [*7 to *9 inch] 
long, and 1 to IJ cm. [*39 to *58 inch] broad, and covered with a 
thin red or grey-brown friable shell. The taste of the fresh 
seed is oily, bitter, and rather unpleasant. 

The seeds, on being submitted to a kind of fermentation (tech- 
nically called the sweating process), lose in a great measure this 
disagreeable flavour, and develop an aromatic smell. Seeds which 
have been subjected to this treatment are best suited for the 
manufacture of chocolate, while those which have been simply 
roasted are riclier in cocoa-butter. 

§ 219. Microscopical Structure of the Seed , — Tlie seed, when 
deprived of the husk, consists for the most pari of several 
irregularly-shaped angular divisions, filled with a large number 
of oval cells, within which is contained a peculiar starch, as well 
as a fatty matter. Near the surface these cells are angular, and 
of a pronounced red colour, but tbe tint is somewhat variable. 

The starch-granules are perfectl}" round, normal measurement 


* The seeds simply dried are also sold. 
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about 0-52 mm. [•00021 inch], and are often seen to have a some- 
what obscure starred hilum. They stiike a pronounced bhie 
colour with iodine. 

The husk contains from without inwards the following struc- 
tures : — 

(1.) A superficial layer of large, very characteristic tubular 
fibres, containing granular matter and little corpuscles. 

(2.) A single layer of elongated cells, with their greatest 
diameter transversely to the axis. 

(3.) Large angular cells in several layers ; those in the centre 
mucilaginous, constituting the greatest bulk of the envelope. 

(4.) A very delicate membrane, formed of small cells, enclos- 
ing fatty matters. This memlirane adheres to the almond, and 
portions of it may always be seen in the chocolates of commerce* 

Another hyaline and fibrous structure connected with the last, 
and full of crystals, is usually descril)ed, as well as isolated, dark, 
elongated bodies. The whole structure, tlierefore, is complex in 
a high degree, but familiarity with the appearance presented by 
the different portions of the seeds is readily obtained. 

§ 220. The commercial varieties of cocoa are very numerous 
Cocoa nibs (ire simply the bruised, roasted seeds deprived of their 
coverings ; and /lake cocoa is composed of the nibs gi'ound in a 
particular form of mill. The soluble cocoas are — ground cocoa, 
diluted with sugar and starclies — 

Epps's cocoa^ according to an analysis advanced as evidence 
in the case of Gibson v. Leffjer, is composed of cocoa 40 per cent., 
sugar 44 per cent., and starch 16 per cent. 

Granulated cocoa is mostly a mixture of nibs, arrow-root, and 
sugar ; Uovueopathic cocoa, a preparation of the same kind with- 
out the sugar ; Maravilla cocoa contains sugar and much sago 
flour ; and cocoa essence, cocnatlne, &c., consist of pure cocoa 
de])rived of 60 to 70 per cent, of its fat. 

The above aro examples only. The analyst is liable to meet 
any day with some new patent cocoa, for the consumption of this 
food is greatly on the increasa* 

§ 221. Chocolate, — In the manufacture of chocolate the cocoa- 
nibs are ground in a mill, the rollers of which are usually heated 
by steam, so as to soften the cocoa-butter ; and in this way a paste 
is formed which is mixed with refined sugar, and very often pther 
substances, and pressed into moulds. Some of the receipts for 
chocolate are as follows : — 

* That the consumption of cocoa is increasing is evidenced by the quantity 
imported— in round numbers, 10,000,000 lbs. iii 1876, against 9,000,000 lbs. 
in 1875. 
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(1.) French Chocolate . — 2 beans of VanLlLa rubbed into a powder 
with sugar, and 1 lb, of best sugar to every 3 lbs. of cocoa nibs. 

(2.) iSpanish Chocolate. — (a.) biira<;oa cocoa 11, sugar 3, V^anilla 
cinnamon cloves [b.) Caraccas cocoa 10, sweet 

almonds 1, sugar 3, Vanilla ,4^. 

Vamlla Chocolate.- -A. chocolate paste highly flavourt^d witlx 
Vanilla, and gcneially with other spices as well. («.) Caraccas 
cocoa 7, Mexican VaniJhi cinnamon ..'.j, ainl sufllcient cloves 
to flavour. (/>.) l>ost cliocolate paste 21, Vanilla 1, cinnamon 
cloves and musk in small quantities. 

Tlie chocolates of English commerce yield l)ut little cocoa- 
Ixutter, siixc<^ ^^re mostly pi*epar<‘d from the cake ](*fl after 

expres.sion of the oil. 

§ 222. The av erage cliemical composition of cocoa, according 
to some English analyses, is as follows : — 




,1. A. Wiin!:ly!i. 

J. Mulor 

Cocoa butter, .... 


50 (X) 

42 '94 

Theobroiiiizi, .... 


1 *50 

•90 

Starch, 


10(X) 

19 03 

Albumen, libriuc, and gluten, 


IS'OO 

12-21 

Gum, , , , . . 


8-00 

G-40 

Colon ring- niattor, , 


2 00 

3-09 

Water, 


0 00 

5-98 

Ash, ..... 


3*00 

2-90 

J^ss, &o., .... 


0*30 

... 

Cellulose, .... 


100 00 

5 *95 


The peculiar constituents of cocoa are then two — viz., cocoa- 
butter and tl)eo])romiii. 

CocoorhiiUer, Oleum theobrojjirr, specific gravity, 0'9G to 0*98;* 
melting point, 29"' to 30"' ; solidifying point, 24'', is a yellow- 
ish-white, concrete oil about the consistency of tallow, with a 
chocolate colour and an agreeahlo taste. At common temp(u’atiire,s 
it is brittle, the fracture i.s smooth and equal, and examined by 
a lens it is somewhat crystalline. Tt is fully soluble at ordinary 
temperatures in two pai’ts of eth(?r, in half a part of benzole, as 
well as in 100 parts of cold and 20 ])arts of hot absolute alcohol; 
its solution is entirely neutral to test paper. If adulterated 
with tallow, wax, paraffin, or stearin, tlie specific gravity will bo 
altered, and it will not dissolve to a clear solution in the quan- 
tity of ether named aboA'e. Pure cocoa butte*r does not become 
rancid, however long it is kept ; but the admixture of most 

* Its 8|>ecif}C gravity was formerly given as ^from *89 to *91 ; but 
1* li'ickiger, as well as Ilirsch, has shown that this is too low. 
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for<iigri fats impairs this projwi ty. C.'ocoa-butter is usually said 
to consist of cocoa stijarin, which separates in warty masses on 
evaporating an ethereal solution, and has a melting i)oiut of 
with a little olein, Kingzett has, however, recently 
described two new' fitty acids obtained from cocoa fat, one of 
whicJi has the empiric formula and tlio subject aj)- 

j>cars to re<|uire further researcli. The best metliod of extracting 
the fat is to exhaust tlie nibs with ether in the a}) 2 )aratus ligured 
at page 67. 

Cocoa should coutaiu at least 20 per cent, of cocoa fat ; if less 
than that is found, it should be returned as adulterated." 

§ 223. Theohroniitn^ — Tli is alkaloid was discovered in 

1841 by Woskres(.‘nsky, iii the seeds of the Theohroma cacao ; it 
principally resides in tJjo cotyledo))s, and in smaller ([uantities 
in the seed -co\x* rings. Tlie average yield of thoobromin aj^pears 
to bo 11 per cent. 

The original m«,‘thod of separation pursued by A\"oskresensky 
was — extraction on tlie water-bath with distilled w'ator, filtering 
through linen, ]u-ccipitating wdtii sugar of h^ad, retiltering, freeing 
tlie filtrate from excess of h‘ad by evaporating to dryness, 

and subsequent purifying of tin? residue i)y solution in spirit, 
and treatment wdtli animal charcoal. Mitscherlicli, again, boils 
the cocoa wdtli a W'cak solution of sulj>huric acid in order to 
cliangc'. the starch into sugar, .saturates tlio fluid wdth carbonate 
of load, and ferments it w ith yeast to destroy the sugar. On 
the conclusion of the fermentation, the fluid is boiled, muitralised 
with soda, filtered, concentrated by evaporation, and the impure 
brown tlieobromiii wliich separate.s boiled in hot nitric acid. 
This nitric acid solution is precipitated by ammonia, again 
dissolved in nitric acid, and the nitrate obtaiiuxl by evaporation. 
According to Mitscherlich, the quantity obtained in this way ia 
much greater than by other processes. 

A speedy method of determining, with Aery fair exactitude, 
the perceiitagt^ of thcobromin in cocoa, is to exhaust a w'cighed 
quantity with petroloiim ether, mix tlie residue Avith a little 
burnt magnesia and water, cA^aporute. to dryness at 60° to TO"", 
and tlien exhaust the residue Avith boiling alcohol of 80 per cent., 
which dissolves out tlie theobroiiiin. On driving off the alcohol 
by eA'ai^oration, the substance may bo purified sufficiently for 
weigliing pin-poses by Avaslnng Avith petroleum ether. 

G. Wolfram lias r(»coinmended the folloAving process for the 
extraction of tlieobromin : — 10 grins, of the substance are 

* 20 i»er cent, is the standard of the Society of Analysts ; but in the 
writer’s opinion this is much too Ioav, according to published andyscs. 
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powdered and exhausted with hot water, filtered, and the fil- 
trate precipitated by ammouiacal acetate of lead, and the pre- 
cipitate washed with boiling water, until tlie filtrate, acidified 
by sulphuric acid, no longm* gives a j>reci])itat(5 with phospho- 
tungstic acid. The filtrate is made alkaline by soda, evaporated 
to 50 cc., strongly acidified by sulphuric acid, and the lead 
sulphate filtered ofi*. The filtrate is now precipitated by a. large 
excess of sodiuui phospho-tungstate, and the precipitate decom- 
posed by liot baryta water ; the barluni phosplio-tungstatc is 
filtered ofi* and the filtrate freed from baryta by adding sul- 
phuric «acid in very slight c^xcess, the (?xcess being got rid off by 
adding a little barium carbonate. The alkaloid is obtained by 
filtration, and evaporating the first filtrate to dryness, weighing, 
and then igniting, and again weighing — the difference equals 
the alkaloid. The iguiliuu is necessary, for there is always a 
little baryta which has not ])eiin got rid of by the previous 
operations. In six analyses of various cocoas, Wolfram obtained 
.as a maximum, 1 -GO p(a' cent.; as a iniiumum, 1*34 percent.; 
and as a mean, 1*5G per cent, of llieobromin, in tlio dried cocoa- 
beans divested of their coverings ; while tJie dru'.d husk of the 
six cocoas contained maximum 1*11, minimum *42, mean *70 per 
•cent, theobrorain. 

Thoobromin forms inicrosco]>ic rhombic needles. It is generally 
thought to sublime between 296" and 295^ without decom- 
position, but tliis temperature is many degrees too high. The 
writer finds that a minute fragnnmt, placed in tlic subliming 
•cell elsewhere described, begins to give fine nebulae at 134°, 
and on examining the mists by a higli power, they are resolved 
into extremely minute dots ; distinct crystals are obtained at 
temperatures of 170"' and above. Tlieobromiii is insoluble in 
petroleum etlicr, and not very soluble i?i ether, 1 part rc<piiririg 
?)00 parts of boiling and 1,700 parts of cold ether. It is soluble 
in alcohol, 1 [lart rerpiiring 47 parts of boiling and 1,460 of cold 
alcohol. Its solubility in water is stated to be 1 in 55 parts at 
100^ 1 in GOef parts at 20'^, and 1 in 1,600 at 0°. It is sorae- 
MThat soluble in chloroform and warm amybalcoliol, but with 
difficulty soluble in benzole. 

Tiieobromin forms easily crystallisable salts. The simple 
neutral salts are decomposed by water, with the formation 
of basic salts, and lose their acid, if it is volatile, at 100^ 
A liydrochloride of tiieobromin, CyH^N^OgjlICl ; a nitmte, 
Oyll^N^Og^NHOg; a platinum salt, CVH 8 N 402 ,HCirtCl 2 + SH^O; 
are all very definite crystalline compounds, A noteworthy salt 
is the nitrate of silver, whicli is formed by adding a solution of 
argentic nitrate to a solution of nitrate of tiieobromin; in a short 



COCOA AND CHOCOLATE. 


363 


§ 224.] 

tiino there se]')arato silver- white needles, very insoluble in water, 
of the composition C 7 lIyN 402 ,NH 03 + AgNO^. 

The other precipitants of theobromin are — phospho-molybdic 
acid (yellow) and chloride of gold (long needles). Tannic and 
picric acids only produce turbidity, while potass, mercuric iodide 
and })otass. cadmium iodide do not precipitate. A characteristic 
reaction of theobromin is that produced by peroxide of lead 
arul sulphuric acid. Tf peroxide of lead and diluted sulphuric 
acid are heated with theobromin, avoiding an excess of the 
oxidising agent, COo is developed, and tlio colourless filtrate of 
sul])hatc of lead gives off ammonia with potash, separates sulphur 
on treatment with SIT.„ stains the skin purplo-iod, and colours 
111 agnosia indigo-blue. 

Theobromin is jioisonous to kittens (and other animals of simi- 
lar size) in such lai\g(5 doses as a gramme, it apjiears to be 
se[)arat(al by tlu^ kidneys, and cou]<.l [)robably be discovered in 
the urine of any person taking large rpuintitios of cocoa. The 
method of research successfully used b}^ Mitscherlich is as 
follc>\vs : -Th<^ urine is acidilied with 1101, filtered, and to the 
filtrate, Mcidihe<l with nit ric acid, a solution of phosplio-molybdate 
of soda is added. The [uecipitato is collected, and treated with 
baryta water until it is strongly alkaline, warmed, filtered, and 
tlu? filtrate evaporated ; the residue extracted w’itli alcohol, re- 
filtered, and the filtrate again evaporated. Tliis last ]-esidue is 
dissolved in a dro]> of hydrochloric acid, and precipitated by 
ammonia. The alkaloid may now be collected and, if necessary, 
purified. 

§ 224. The Ash . — The composition of the asli of cocoa seeds is 
stated by Mr. Wanklyn to bo as follows : — 


Composition of Ash of Cocoa-Seeds. 


Per cont. 

Potash, 29*81 

Chloride of .Sodium, 6*10 

Ferrous Oxide, 1 ‘60 

Alumina, 2*40 

Lime, 7*72 

Magnesia, 7*90 

Phosphoric Acid, 24*28 

Sulphuric Acid, 1 ‘92 

Carbonic Acid, 0*98 

Silica, 5*00 

Sand, .12*15 


Tho percentages of ash found in cocoa arc given as follows 
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Percentage 


of Ash. 

Common TriniJatl 3*37 

Veiy tine Trinidad, ...... 3 *<>2 

Fair, good, tine Trinidad, 3 *<>4 

Fine Orenada, 3*()t5 

Caraccas, ........ 4 ‘58 

Bahia (Brazil) 3*31 

Fine iSunnaiii (ymall), 3'0(> 

Mexican, 4 '27 

J^ominican, 2 *82 

African, ........ 2 *(>8 

Mean of the twelve being .... 3 *39 


Thus the lowest (lotormiiiatioii is 3*00, the liigliest 4*58 per 
cent. The nibs show a low’cr ash than the slifdJ. Tlie iiibs of 
the Caraccas give 3*95 per cent, of ash, 2*00 being soluble and 
1*9 p 5 insoluble in water. TIk* nibs of IMexicau seeds give 2*59 
per cent, of ash, *89 })arts being soluble and 1*70 insoluble in 
water. The ash of the shell is rich in, but the nib almost devoid 
of, carbonates. Mr. Heiscli has also recently examined the 
cocoas of commerce, with the results embodied in the following 
tables : — 


TABLP: XXIX.— EXiVMIXATlON" OF ROASTED BEANS AFTER 
REMOVAL OF THE HUSK. 



J:: 

fZ 

a 

o 

tA 

g 

1 

O 

! 1 ■ ^ 

IP: : « 

■ < < 

! 1 

-p. - 

I 9 . , « 

1 1® ‘ ar-- 

«.2 . 

< < 

II 3 PO 4 in 1 

Ash. : 

e 

a 

0 

0 f 

0 

Caraccas, . 

13-8 

48*4 

1*76 

11-14 3*95 

2*15 ^ 1*80 

1 *54 

4*32 

32*19 

Trinidad, . 

1 1 

49 *4 i 

l*7G 

i 11*14 2*80 

j 0*90 ; 1 *90 

0 93 : 

3*8«i 

32*82 

Surinam, . 

j 15*5 1 

54*4: 

1*76 

: 11*14; 2'35! 

1 0 *80 : 1 -85 

1 -23 : 

3*76 

28*35 

Guayaquil, 

1 11*5 i 

49*8 1 

2 06 

13 03 ' 2*50 1 

1-75 ' 1*75 

1*87 ; 

4-14 

30*47 

Grenada, , 

14 *6 i 

45 *0 ; 

1*96 

1 12 *40 j 2 *40 I 

0*60 1 1*80 

1-35; 

3*1)0 

35*70 

Bahia, . . 

OG: 

50*3; 

1*17 

7 40 2*60 1 

O W : 1*70 

1-26! 

4*40 

35*30 

Cuba, . . 

12 *0 ^ 

45*3 , 

1*37 

8 *67 : 2 *90 . 

0*95 1 *95 

113' 

3*72 

39*41 

Para, . . 


54 *0 

2*00 

12 *66 ; 3 *05 j 

1*40 I 1*65 

J 

1 * 00 ; 

! ! 

3*96 

26 * 3:1 


The above analyse.s fully corroborate Mr. Wanklyn’s statement 
as to the constancy of the percentage of phosphoric acid in cocoa 
ash. Mr. Heisch’s highest determinate is 1*87, his lowest *93, 
giving a mean of 1*28 per cent, phosphoric acid in the dry bean 
after removal of the husk. 
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There arc also some aiialyse.s by KJinig as follows: — 
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TABLE XXX. 

I. C(X;OA BEANS BEIMMVED OF THE SHELL. 




Nitro- - 

i i 

1 Oiliet- [ 



Water. 

gonous : , 

Sub- , 

. lar. li. 

Ash. 



Rtanoos.: 

Matter.'H.I 

1 ! 


1. Caraccas I.. . 

4 04 

14-08 ‘ 40-18 

! j 

12-74 US -50): ... 

3-80 

2. „ 11.,. 

4-72 

14 00 40-3r, 

13*99 9-40 ' 4*20 

4-21 

3. Guayaquil 1 ., , I 


14 -OS 40 04 

11-50 12-04^ 4-13 i 

3-72 

4. „ 11., . i 

r>. 'Trinid.*i<l 1., . . j 

201 

10-25 i 4f; 09 

10-82 10-12 3-53: 

3-68 

! 2-SI 

15-00 i 48 -.TJ 

14-91 ; 12-00! 3-02 1 

8-22 

0. ,, II.. . . i 

2-28 

15-12 !52 )4 

14-38 8-82' 3-87 1 

3 -.39 

7. Buorto Cabcllo, . | 

2-00 

15*03 : 50T)7 

12-94 11-49 1 3-07 

3-94 

8. 8(x*oamisco, . . j 

2-9r> 

13-19 . 48 -.38 

15-13 ; 13 -20 ' 3 34 ! 

3-21 

Mean, . . , j 

3-2r) 

I f70 1 4d 00 

1 i 

13-31 ! 12-35 j 3-08 j 

3*05 


II. COCOA HUSKS. 



Anionnt 
of Shell. 


i 

, Nitro- 

. 1 

'Xifri'gen! 




VV'aUu-. 

genous 
i Sub' 

El VO I 

! Coil- i loM*. 

Ash. 

Sauil. 




: stances. 

stitueut.; 

1 1 



1. ('araccas I., . 

15.03 

7-41 

13-93 

4 04 i 41-78 1 12 -91 

7-41 

12-02 

*1 11 
— »> ii.,. 

3. Guayaquil, . 

20-09 

7*74 

11-08 

5-99 35*29 ! 12-79 

8-32 

18-19 


8*93 

i 13-44 

8-12 ; 4S 01 13-87 

o-si 

0*82 

4. 

■ ■ 4 1 

9-11 i 

1 12-94 

10-75 ‘ 47-08 ^ 13-12 

0-79 

0-21 

5. Triiihlad, 

15 -.35 1 

9-04 

14-04 

6-18 144-80 10-30 

6-39 

2-29 

0. 

1 14-04 i 

8-30 

15*44 

4-23 ^ 40-05 i 18-00 

7 00 

0*92 

7. Puerto Cabello, 

14-92 1 

0-40 

13-75 

4-38 i 47-12 14-83 

0-06 

7*46 

8. Sooosiiusoo, . 

18-58 

0-48 

i 19-12 

0-48 : 39-39 > 15-07 

8-15 

4-71 

Moan, . 

10-33 

7-83 

14*29 

0-38 43-79 j 14-09 

! 1 

7-12 

5*90 


§ 225. Mr. Wigiier has examined the nitrogenous constituenta 
of cocoa, in the same way as the nitrogenous constituenta of 
flour, and has shown that, even in the very best samples, 2U5 
])er cent, of the nitrogenous matter present is in a non-coagulable 
form. Cocoa, therefore, ranks lower in the scale of foods than 
lias liitherto been taught. His e.xperiments were made upon 84 
commercial samples of cocoa, containing an admixture of starch 
or flour, and on four samples of roasted beans; the results were 
as follows : — 
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TABLE XXXL— NITROGENOUS CONSTITUENTS OF COCOA. 



d 

«> 

1 

§ 

1 

o 

fr* 

Coagulahle ' 

Nitrogen. 

Total 

Albuminoids 
= N X 6-33. 


Difference = 1 

Non-Coagulable , 
Nitrogen . 

Matter. 1 

[ 

Per cent. Total 
Non-Coagulable i 

1. 


1-095 

•coo 

9-02 

3*80 

3*12 

54*0 

2. 

4 • • 

1*162 

*760 

7-35 

4*81 

2*54 

65*5 

3. 


2*978 

2*.3:i5 

18-84 

14*70 

4*05 

78*5 

4. 

• 4 • 

•965 

*375 

611 

2*.37 

3*74 

38-8 

5. 

... 

*699 


4*42 

2*09 

2-33 

47*3 

6. 


1*201 

*770 

7-61 

4*88 

2*73 

34*1 ; 


( ISocunza, , 

2040 

1175 

12*02 

7*44 

4*48 

57*6 1 

Roasted beans, 

\ Para, . 

J Trinidad, . 

2 000 
1-490 

1045 

1*050 

12*67 

9 *46 i 

6*62 

6 *05 

0 03 
2-81 

52-2 i 
70-3 : 


( Grenada, . 

2 -.no 

1*335 

14*00 

1 

7*56 

7-43 

50*4 i 

I 


§ 226. Adulterations of Cocoa, — The list of adulterations usually 
given is as follows: — Sugar, starches, Venetian red, hrick-dust, 
and peroxide of iron. Some of these sojdiistications, such as tin* 
starches, may be detecttal by a prelimiiuuy niici’oscojiical exami- 
nation, which in no instance sliould bo neglected. The oi dinai y 
chemical examination consists in tlui (3xtiactioii of the fat as 
before described (p. *161), tlu^ estimation of the percentage of 
ash in the ordinary way, its division into soluble and insoluble, 
and its content of phospboric acid. By a simple ostimatiori of 
the fat and the chief constituents of the ash, supplemented by the 
u.se of the microscope, all known adulterations can bo detected. 
The amount of phosphoric acid in the ash of soluble cocoas may 
be taken as a basis of calculation of the amount of cocoa, and 
in the absence of foreign seeds, or other phosphate-producing 
substance, the calculation will be a fair approximation to the 
truth. The ash itself and the amount of pliosi)lioric acid will, 
of course, be very notably diminished in tlie case of the soluble 
cocoas, and the percentage of the phosphoric acid will in sucli 
instances be a fair guide to the amount of foreign admixture. 
For example, supjmse a soluble cocoa to yield an asli of 1*5 ptn- 
cent., *6 of which is due to jhosjdioric acid, taking as a basis ol* 
calculation ’9 percent.* of phosphoric acid in cocoa nibs: — 

* The lowest percentage given by Mr. Heisch, and but little diflTcreiit 
from Mr. AVanklyrf s. 
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•6 X 100 

.=.:6G-G 

•9 

That is, the niixturo contains about 6G*6 per cent, of cocoa. The 
amount of starch in cocoa may bo determined in tlie ordinary 
way, as described at p. 137, but the process is somewhat tedious, 
and may be dispensed with, since the extract in cold water is 
always a guide to the adulteration by starcliy substances. Cocoa 
nibs treated in this way give to water about 6*76 per cent, of 
organic matter and 2*1 G of aali. The determination of theobro- 
min may possibly bo of use, but no sufficiently accurate and 
speedy process for technical purposes is as yet known. 

§ 227. Adiilterations of Chocolate . — Oil of almonds, cocoa-oil, 
beef and mutton fat, starches, cinnabar, chalk, and various 
other substances are usually enumerated ; a few of these are, 
however, apociyphal. 

The analysis of chocolate is conducte*! on exactly the same 
principles as that of soluble cocoa. If it is desired to separate 
the difierent constituents, the method recommended by A. Porrier 
may be used Exti'act the fat with ether, and the sugar with 
alcohol of 20'', and dissolve the starch out by boiling water. The 
liquid holding the starch is then decolourised by animal charcoal, 
and the starch preci]utatcd by alcohol of 50 per cent., dried, and 
weighed. But as regards adultemtion, the procedure recom- 
mended in the case of cocoa will be found quite efficient, and less 
cumbersome and tedious. 


BTBLTOOKAPJIY. 

Barbet. — Precede pour reconnattre la quautitc de fccule conteiiue dans les 
chocolats. Journ. Chim. MciLy sorie, 1857, t. iii., p. 121. 
B.iORKLAND.- ” Moyeu do reconnaltre la falailicatiou du heurre de cacao, &c. 

Joiirn. Ch'nn, 3 scrie, 1860, t. v., p. 147. 

Briois. — E ssai sur la recherche et lo dosage dc la fecule dans le chocolat. 

Journ. Chim. Med.. 4e scrie, 1856, t. ii., p. 497. 

CuKVALLiEit. — Memoire sur le chocolat, sa preparation, ses usages, lea 
falsihcations qiPon lui fiiit subir, les inoyeiis de les rocouuaitre. Ann. 
dllijif. tt de Mtd. Lei/., scrie, 1846, t. xxxvj., p. 241; ib., 
Jou7fial dUJyg., 28, 1876. 

Cooley’s “Dictionary of Practical Receipts.” Arts., Chocolate and Cocoa. 
Glasson. — Ann. Cham, Plutrm., lx. 335. 

Girardin et Bidaud. — S ur la fCcule de cacao. Jounu Pharm. et Chivu, 
2e scrie, 1862, t. xxxvij., p. 266. 
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Heisi^ ii. — O n the Composition of Different Kinds of Cocoa. Analyst^ i., 
1S77, P. 142. 

HiKsru. — “Die Pri'ifiing dcr Arzneimittel.” 

llrsEMAKN'. — “ Die rttanzeiistoffe.-’ 

Keller. — Ann, Chem, Phann.y lx. 3115. 

KiNcrZETT, 0. T. —The Olieniistry of Cocoa Butter. Journ, Cheni, Soc.^ 
J878, ]>. 42. 

Letellikr. — Falsiiicatiou clcs chocolats, Journ. dr Pharm. et Chim.^ 3e 
st^ric, IS54. t. \xv., p. 382. 

Mrrs( HERLK ir, A. — “ Dor (^'acao nud die Cliocolade.” 1851). 

Mcter, ,1oi!N'. — O n “ IVepa rod Cocoa. Anuhfsf, JS71>, p. 65. 

PoinaER. — Sur lo dti.sagc <les Tllati^ros aniylacces ajoutocs frauduleuseineiit 
ail chooolat..* fAv /;/•/?. C/uui. J/cW., 2o .sorio, JS58, t. ix., p., 207. 

Strkckefl— -D/!//. Chmi. Phurin.^ cxviij. J51. 

AVanklyx. — “ lea, Cotloo, and Cocoa.*’ Lend., 1876. 

AVigxer, (t. W. On the ^itrogonons Coiihtituonts of Cocoa. 

1S70, p. S. 

AVolfram, G . — Xi tUnhnj't t\ Anal, 1879, s. 316. 

AVoskresen’skv. — Chetn. P/amn., xli. 125. 



PART VI.-ALCOHOL, SPIRITS, LIQUEURS. 


ALCOHOL. 

§ 228. The term alcoholy in its strict chemical sense, applies 
only to tlio neutral compounds of oxygen, carhhn, and hydrogen, 
which, by the action of acids, form ethers. The principal alcohols 
are enumerated in the following table : — 

TABLE XXXIL, EXHIBITING THE PBOPERTIES OP THE 
PRINCIPAL ALCOHOLS. 




SiMJciflc fl^ravity, 

Vapour. 

Boiling Point. 

Alcohols. 

Formula. 



Hel. Wt. 


! 


Liiiuid. 

Vapour. 

1£ = 1. 

Fohr. 

Cent. 


1. Wood Spirit, or | 
Mcthylic Alcohol, ^ 

cn^o 

0798 

1-12 

1C 

140-9 

65*5 

2. Spirit of Wiue, or j 
Ethylic Alcohol, \ 

CaHaO 

0-793S 

1-6133 

23 

173-0 

78 3 

3, Tritrylic or Pro- ) 

pylic, . , . i 

4. Tetrylic or Butylic, I 

CsHgO 

0-817 

2 02 

30 

206 0 

967 

OsHioO 

0-803*2 

2 '589 

37 

233-0 

lll-7 

5. Fousel Oil, or Aruy-I ! 
lie, . . .f 

CaHjgO 

00 

© 

3-147 

44 

269-6 

132-0 

6. Hcxylic or Caproic, 

CcHi40 

0-833 

3-53 

51 

299-309 

138-154 

7. Hei>tylic, . . , 

iCVHioOi 

0-819 

... 

58 

351*0 

177-2 

8. Octylic or Caprylic, 

iCsHiaO! 

0-823 

4-50 

05 

1 366-0 

1800 

10. Laurylic, . . ! 

1C„H«0| 

... 

... 

... 

... 

... 

1(5. Kthal or Cetylic, . 




... 

... 1 


27. Cerotin or Oerylic, 
50. Melissin or Mel- ) 

C»H«,0 

... 

... 

... 

... 

... 

lisylie, . . j 







Of these ethylic alcohol, wood spirit, and fousel oil are the three 
of most importance to tlie analyst. 

Ethylic Alcoholy O^HgO, specific gravity, 0-815 at 0®, 0*79381 at 
15*5®; boiling point, 78°-3. Absolute alcohol does not dissolve 
common salt, nor does it give a blue colour when digested with 
anhydrous sulphate of copper, if perfectly water-free. Filter 
paper saturated in the following solution— viz., two parts of 

25 
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citric and one of inolybdic acids heated to incipient fusion, and 
dissolved in 30 to 40 pints of water and dried at 100^, is not 
bleached when soaked in absolute alcohol ; but should water be 
present, the blue of the paper is entirely discharged. Pure absolute 
alcohol burns with a white flame, but if water is present with a 
blue. 

There is no cloudy appearance when mixed with water, show- 
ing the absence of oily matters. It should bo also perfectly 
neutral to test paper, and leave no residue on evaporation. It 
must be remembered that, in a commercial sense, “ absolute 
alcohol ” is any slJl’onger spirit than can be obtained by ordinary 
distillation ; and, since this is the case, it would be most unwise 
for any action to be taken under the “ Sale of Food and Drugs 
Act,” unless a distinctly fmudulent statement has been made. 
** Absolute alcohol,” as bought over the counters of the chemist, 
is seldom above from 03 to 95 per cent. 

§ 229. Rectified Spirit, as defined by our own pharmacopuda, 
should be of specific gravity 0*838; by that of the Netluu'lands 
0*830 to 0*834; of Germany, Switzerland, and Norway, 0*833G; 
of Austria, 0*838; of France, 0*835 to 0*841. It should be 
neutral, colourless, volatilising without residue, and fnaj from 
other alcohols. 

Proof Spirit , — a term in constant use for purposcjs of ex- 
cise, — is a diluted spirit, which was defined by Act of Parlia- 
ment (58 George III.) to be ^^sucli as shall, at the teiuperaturo 
of 10°'0 [51^" Fahr.] weigh exactly twelve-thirteenth pa)*ts 
of an equal measure of distilled water.” According to Drink- 
water it consists of — 

Alcohol by weight, . , . . 49*24 

Water by weight, .... 50*70 

100*00 

and its specific gi'avity at IS'’ *5 is 0*91984. 

In the analysis of all spirits (seeing that the terms proof’' 
a^td ‘‘ under proof” are used and know*n in the trade), the state- 
ments of results should always include the percentage of proof 
spirit. 

Spirits weaker than proof are described as U.P., under proof; 
stronger than proof as O.P., over proof; thus a spirit of 50 U.P. 
means 50 water and 50 proof spirit, GO U.P., 60 water and 40 
proof spirit. On the other hand, 50 O.P. means tliat the alcohol 
is of such a strength, that, to every 100 of the spirit, 50 of 
water would have to be added to reduce it to proof strength. 
In all tlie above the strengths are only good for the normal 
temperature of 15® *5. 
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TABLE XXXIIL— ESTIMATION OP ALCOHOL. 


Specific 

gravity, 

15-6® 

Abeoluto 

1 Alcohol 
by weight 
rer cent. 

Absolut© 
Alcohol 
by volume. 
Per cent. 

Proof 
Spirit 
Per cent 

1 Specific 
! gravity, 

1 1660. 

! 

Absolute 
Alcohol 
by weight. 
Per cent 

Absolut© 
Alcohol 
by volume. 
Per cent 

Proof 

Spirit 

Per cent. 

1.0000 

0-00 

0-00 

0-00 

' -9549 

31-69 

3811 

66-80 

•9999 

0-05 

007 

012 

•9539 

32-31 

38-82 

68-04 

•9989 

0-58 

0-73 

1-28 

-9529^- 

-32^*94. 

30-54„. 

.69-29 

•9979 

1-12 

1-42 

2-48 

•9519 

33*53 

40-20 

70-46 

•9969 

1*75 

2-20 

3*85 

•9509 

341Q 

40-84 

71-58 

•9959 

2-33 

2-93 

513 

■9499 

34-57 

41*37 

72-50 

•9949. . 

l™. 2-89 J 

,3'62 

6*34 

•9489 

35 05 

41*90 

73-43 

•9939 

3-47 

4-34 

7-61 

•9479 

;i5-55 

42-45 

74-39 

•9929 

h 406 

5-08 

8-00 

•9469 

36-06 

43-01 

75-37 

•9919 

4-60 

5-86 

10-26 

•9459 

.36-61 

43-63 

76-45 

•9009 

6-63 

. 11 -62 

•9449 .. 


^44-24 

..77-53 

•9899 

5-94 

7*40 

12-97 

•9439 

.37*72 

44*86 

78-61 

•9889 

6-64 

8-27 

14-50 

•9429 

38-28 

45-47 

79-68 

•9879 

7-33 

9-13 

45-99 

•9419 

38-83 

46-08 

80-75 

•9869 

S-00 

9-95 

17-43 

•9409 

39 -rj 

46*64 

81-74 

•9859 

8*71 

10-82 

18*96 

•9399 

39-85 

47-18 

82-69 

•9849 

943 

11-70 

20-50 

•9389 

40-35 

47-72 

83-64 

•9839 

1015 

12-68 

22-06 

*9379 

40-85 

48*26 

84-58 

•9829 

10-92 

13-62 

23*70 

•9369 

41-35 

48*80 

85*63 

•9819 

11-69 

14-46 

25-34 

•9359 

41-85 

49 *.34 

86*47 

•9809 

1246- 

-’45-40 

-.26*99 

*9340 

42-33 

49-86 

87*37 

•9799 

13-23 

16-33 

28-62 

•9339 

42-81 

50-37 

88-26 

i)789 


17-26 

30-26 

•9329 

43-29 

I 50-87 

89 15 

•9779 

14-91 

18-36 

32-10 

•9319 

43-76 

51-38 

90-03 

•9769 

1575 

19-39 

33-96 1 

•9309 

44*23 

51*87 

90-89 

•9759 

16-54 

20-33 

35 -63 1 

•9299 

44-68 

52*34 

91-73 

•9749 

17-33 

21-20 

37-30 

•9289 

45-14 

52-82 

92-56 

•97.89 

18-15 

2*2-27 

39-03 

•9*279 

45-59 

53-29 

93-39 

•9729 

18-92 

23-19 

40-64 

•9269 

46-05 

53-77 

94*22 

•9719 

19-75 

24-18 

42-38 

•9259 

46-50 

54-24 

95*05 

•9709 

20-58 

25-17 

44-12 

•9*249 

46-96 

54-71 

95-88 

•9699 

21-38 

26-13 

45-79 

•9239 

47-41 

55-18 

96-70 

•9689 

22-15 

27 04 

47-39 

•9229 

47-86 

55-65 

97*52 

•9679 

22-92 ’ 

27-95 

48 -.08 

•9219 

48-32 

5611 

98*34 

•9669 

23-69 

28-86 

50-57 

-9-209 

48-77 

56*58 

99 16 

•9659 

24-46 

29-76 

52-16 

-9199 

49-20 

57*02 

99*93 

•9(>49 

•9639 

25-21 

25*93 

30- 65 

31- 48 

53-71 1 
55-18 li 

"•9198" 

49-24 " 

1_ 57-06 i 

100 -OOPS. 

•9629 

26-60 

32-27 

56-55 

•9189 

49-68' 

57*49 

100*76 

•9619 

27-29 

33*06 

57*94 

•9179 

50 13 

57*97 

101-59 

•9609 

28-00 

33-89 

59-40 

•9169 

50-57 

5841 

102-35 

•9590 

28-62 

34-61 

60-66 

•9159 

51-00 

58-85 

10312 

•9589 

29-27 

35-35 

61*95 

•9149 

51*42 

59*26 

103*85 

*9579 

29-93 

36-12 

63-30 

•9139 

51-83 

59-68 

104-58 

•9569 

. 30-50 

36-76 

64-43 

•9129 

52-27 

60-12 

105-35 

•9559 , 

_3i-oa. 

-37-41 

. 65*55 

•9119 

52-73 

60-56 

106-15 
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TABLE XXXllL--Co7Umued, 


Speciflc 

gravity, 

16-5^ 

Absolute 
Alcohol 
by woijrht 
Per cent. 

Absolute 
Alcohol 
by vuluiiie. 
Per cent. 

1 

Proof 1 
Spirit. I 

Percent. ] 

1 

speciflc 

gravity, 

ISA". 

Absolute 1 
Al<^>}iol ! 
by weight.; 
Per cent. 

Absolute 
Alcohol 
by volume. 
Per cent. 

Proof 

Spirit. 

Pur cent. 

•9109 

53-17 

61 02 

: 

106-93 1 

•8649 

73-00 

79-54 

139-39 

•9099 

53-61 

61-45 , 

u.107-69 

•8639 

73-42 

79-90 

140*02 

•90S9 

54*05 

01-88 

108-45 

•8629 

73-83 

80-26 

140-65 

•9079 

54-52 

62-36 

109-28 

•8619 

74-27 

80-64 

141-33 

•9069 

55 00 

62-84 

11012 

•8609 

74-73 

81-04 

142-03 

•9059 

55*45 

■63-28 

110-92 

•8590 

75-18 

81-44 

142-73 

•9049 

55-91 

63-73 

111-71 

•8589 

75*64 

81 -84 

143-42 

*9039 

-56-36 

64-18 

112-49 

*8579 

76-08 

82-23 

144-10 

•9029 

56-82 

64*63 

113-20 

*8569 

76-50 

82-58 

144-72 

•9019 

57-25 

65-0'> 

113-99 

•8559 

76 92 

82 -93 

145-34 

•9009 

67-67 

05*45 

114-69 

•8549 

77-33 

83-28 

145-96 

•8999 

58-09 

65 So 

115-41 

•8539 

77-75 

83-64 

146-57 

•8989 

58-55 

66-29 

116-18 

•8529 

7816 

83-98 

147 17 

•8979 

59-00 

66-74 

116-96 

•8519 

78-56 

84-31 

147-75 

•8969 

59-43 

67-15 

117-68 

•8509 

78-96 

84-64 

148 32 

•8959 

59-87 

67-57 

118-41 

•8409 

79*36 

84-97 

148-90 

•8949 

60-29 

67-97 

119-12 

•8489 

79-76 

85-29 

149-44 

•8939 

60-71 

68-36 

119-80 

*8479 

80-17 

85-63 

150-06 

•8929 

61-13 

68-76 

120-49 

•8469 

80-58 

85-97 

150-67 

•89 J 9 

61-54 

69-15 

121-18 

•8459 

81-00 

80-32 

151-27 

•8909 

61-96 

69-54 

121-86 

•8449 

81-40 

86-64 

151-83 

•8899 

62-41 

69-96 

122-61 

•8439 

SI -80 

86-96 

152-40 

•8889 

62-86 

70-40 

123-36 

-8429 

82-19 

87 27 

152-95 

•8879 

63-30 

70-81 

1-24-09 

•8419 

82-58 

8i *t>S 

153-48 

•8869 

63-74 , 

71-22 

124-80 

•8409 

82-96 

87 -SS 

154-01 

•8859 

64-17 

71-62 

125-51 

•8399 

83 35 

88-19 

154-54 

•8849 

64 61 

72 02 

126-22 

•8389 

83-73 

88-49 

155-07 

•8839 

65 04 

72-42 

126-92 

•8379 

84-12 

88-79 

155-61 

•8829 

65-46 

72-80 

127-59 

-8360 

84-52 

89-11 

156* 16 

•8819 1 

65-88 

73-19 

128-25 

•8359 

84-92 

89-42 

156*71 

•8809 

66-30 

73-57 

128-94 

•8349 

85-31 

89-72 

157*24 

•8799 

66-74 

73 97 1 

129-64 

•8339 

85-69 

90-02 

157-76 

■8789 

67-17 

74-37 

130 33 

•8329 

86-08 

90-32 

158*28 

•8779 

67-58 

74 74 

130 98 

•8319 

86 46 

90 61 

158-79 

•8769 

68-00 

75-12 

131-64 

•8309 

86-85 

90-90 

159-31 

•8759 

68-42 

75-49 

132-30 

•8299* 

87 23 

91-20 

159-82 

•8749 

68-83 

75-87 

132-95 

-8289 

87-62 

91-49 

160-33 

•8739 

69-25 

76-24 

133-60 

-8279 - 

88-00 

91*78 

160-84 

•8729 

69-67 

76 61 

134-25 

*8269 

88-40 

92-08 

161-37 

•8719 

70-08 

76-98 

134-90 

•8259 S 

88-80 

92*39 

161-91 

•8709 

70-48 

77-32 

135-51 

•8249 

89 19 

92-^;8 

162-43 

•8699 

70-88 

77 07 

136-13 

•8239 

89-58 

92-97 

162-93 

•8689 

71-29 

78-04 

1 136-76 

•8229 

89-96 

a3-26 

163-43 

•8679 

71-71 

78-40 

137-40 

•8219 

90-32 

93-52 

163-88 

•8669 

72-13 

78-77 

138 05 

■8209 

90-68 

93-77, 

164-33 

•8659 

72-57 

79-16 

138-72 

•8199 

91-04 

94 03 

164-78 
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TABLK XXXIII.— 


Specific 

gravity, 

Absolute 
Alcohol 
by weight 
For cent. 

AbKolute 
Alcohol 
by volume. 
Per cijiit. 

II 

ii 

Proof !| Specific 
Spirit i; gravity, 
Percent :l 

Absolute j Absolute 
Alcohol j Alcohol 
by weight, by volume. 
Per cent, j Per cent 

Proof 
Spirit 
Per cent 

•8189 

91 -.39 

94*28 

165*23 

•80.39 

96-73 

97-96 

171-68 

•8179 

91-75 

94-53 

165*67 

-80-29 

97-07 

98-18 

172-05 

•8109 

92-11 

94-79 

166 T2 i 

•8019 

. 97-40 

98-39 

172-43 

•8159 

92 ’48 

95 06 

166-58 ; 

•8009 

97-73 

98-61 

172-80 

•8149 

92-85 

95-32 

167*04 ' 

*7999 

98-06 

98-82 

17317 

•81.S9 

93-22 

95-58 

167-50 1 

•7989 

9S-.37 

{)9-00 

173-50 

•8129 

93*59 

95-84 

167-96 i 

•7979 

98-69 

99-18 

1 173-84 

•8119 

93 *96 I 

9611 

168-24 ! 

•7969 

99-00 

99-37 

1 174-17 

•8109 

94-31 

96-34 

168-84 i 

•7959 

99-32 

99-57 

174-52 

•8099 

94 06 

96-57 

169-24 ; 

•7949 

99-65 

99-77 

174-87 

•8089 

95 00 I 

90-80 

169*65 

•7939 

99-97 

99-98 

175-22 

•8079 

95 36 

97 05 

170*07 ’ 



i i 


•8069 

95-71 ! 

-^7*29 

170-50 ‘ 


Absolute Alcohol. 


•8059 

96 07 

97*53 

170-99 




. — 

•8049 

90-40 

97-75 

171-30 ; 

I 

i -7938 1 

i 

100 00 

100-00 

175-25 


ESTIMATION OF ALOOIIOL 

§230. Excellent tables for the use of analysts have been pub- 
lisliccl both by Mr. Hehiier and by Dr. Stevenson. The table on 
p. 371 will be found, in the absence of the tables mentioned, 
suffichmt for ordinary use; any specific gravity not given can 
be intercalated by the ordinary rules of arithmetic. 

Anotlier method, sometimes called Groning’s, of arriving at the 
strength of dilute spirits, is based on tlio fact that the tempera- 
ture of the vapour is an exact measure of the strength of the 
alcohol. The bulb of a thermometer is put (on the small scale) 
into a flask with a bilateral tube, and the temperature of the vapour 
carefully noted. The following table (XXXIV.) may be used. 

The boiling-point is also a useful guide; for within certain 
limits the boiling-point of alcoholic liquids is not materially 
altered by admixture with saline and organic matter. A ther- 
mometer with a movable scale is employed. Before using it, 
the thermometer is immersed in boiling distilled water, and 
the 100® [212® Fahr.| of the scale accurately adjusted to the 
level of the mercury; it is then ready for an operation of several 
hours, or even an entire day, if no considerable variations of 
atmospheric pressure are experienced. 
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TABLE XXXIV., showing the Alcoholic Content by Volume 
OF Boiling Spirits and op their Vapour, from the 
Temperature of the latter, as observed by a Ther- 
mometer. By Groning. 


Temperature 
of the 
Vapour 
(F.) 

Alcoholic 
Content of 
the Distillate. 
Per cent. 

Alcoholic^ 
Content of 
the Boiling 
Liquid. 

Per cent 

Temperature 
of the 
Vapour 
(F.) 

Alcoholic 
Content of 
the Distillate. 
Per cent. 

Alcoholic 
Content of 
the Boiling 
Liquid. 
Per cent. 

170*0 

93 

92 

189-8 

71 

20 

171*8 

92 

ilO 

10 >0 

68 

18 

1720 

91 

85 

194 0 

66 

15 

172*8 i 

904 

80 ! 

106*4 

61 

12 

174*0 j 

1 90 

75 

JOS -6 

55 

10 

174*0 : 

89 

70 

*201 -0 

50 

7 

176*0 i 

87 

65 

203*0 

42 

5 

178*3 1 

85 

50 

‘205-4 

36 

3 

180*8, i 

82 

40 

207-7 

28 

2 

183*0 : 

SO 

j 35 

210-0 

13 1 

1 

185*0 i 

78 1 

i 30 

212-0 

0 

0 

187*4 : 

76 1 

! 

! 25 





TABLE XXXV., exhibiting the Boiling Points op Alcohol and 
Water of the Given Strengths. By GrioNiNc;. 


i 

Boiling-point 

IF.) 

Alcohol 
per cent, 
per Volume. 

iBoiling-point 

(F.) 

' 

Alcohol 
per cent 
per Volume. 

205-34 

5 

179 -96 

55 

190*22 

10 

179*42 

60 

195*80 

15 

178-70 

65 

192*38 

20 j 

177*62 

70 

180*50 

25 

176*54 

75 

187* 16 

30 1 

175*46 

80 

185 00 

35 i 

174*92 

85 

183-38 

40 ,i 

174*20 

90 

182*12 

45 |i 

1 173*14 

95 

181*58 

50 li 

172*00 

100 


§ 231. Testa for Alcohol . — The principal tests for alcohol are 
the following : — 

(1.) Production of Acetic Ether . — To a distillate or aqueous 
solution supposed to contain alcohol, some acetate of soda is 



TESTS FOR ALCOHOL. 


375 


§ 231.] 

added and sulphuric acid in amount more than sufficient to 
■decompose the acetate. The llask containing tlie mixture is 
connected with a Liebig’s condenser, placed vertically, and boiled 
for a few minutes; any volatile vapour is condensed, and falls 
back again into the flask. On removing the cork, if acetic ether 
has IxKJii produced, it can readily V)c detected by its odour. 

(2.) Reduction of Chromic Acid or Bichromate of Poioidi to Oxide 
of Chromium. — A crystal of chromic acid, placed in a test-tube, 
with a fluid containing alcohol warmed to a boiling temperature, 
is deconi)>osed into the green oxide of chromium. Instead of 
chromic acid, a test-solution of one ]>art of dichromate of potash 
dissolved in 300 ])arts of siilj)liuric acid may be used. A 
poi’tion of the liquid to be tried is mixed with twice its volume 
■of concentrated sulphuric acid. On pouring a small quantity 
of this mixtui’e into a quantity of the test-solution, a deep greeu 
is ]iro<luced where one fluid touches the other. Tliis is a very 
good test in the absence of other reducing agents, such as formic 
acid, ether, ^bc. 

(3.) Dr. Edmund DaxnjH Ted. — Dr. Davy has proi>€)sed a test 
for alcohol foundcal on a colour reaction, and jiroduced also by 
methyl, ))roj»yl, but}^, and amyl alcohols, etlier and aldehyde. 
A solution of one part of molybdic acid in ten of strong sulphuric 
acid, is warmed in a porcelain capsule, and the liquid to be 
tested allowed to fall gently on it. If alcohol is present, a blue 
coloration appears cither immediately, or in a few moments; the 
litpiid gradually absorbs moisture from the air, and the colour 
disappears, but it may bo reproduced l»y evaporation.* 

(4.) The production of Iodoform. — Aecoi’ding to Lieben, one 
ptirt of alcohv)! in 2000 of water can be detected by adding to 
some of the warmed liquid a few dro[»s of a 10 per cent, solu- 
tion of soda, and dropiung in a solution of potassium iodide, 
fully saturated with free iodine, until the liquid Ls yellowish- 
brown i then the alkali solution must be added until the whole 
is colourless, and the mixture allowed to stand for many hours, 
when a yellowish crystalline deposit of iodoform is obtained. 
Under the microscoi)e the latter pi’csents the appearance of 
liexagonal platcis, six-rayed, or other varieties of, stellar crystals: 
€,^11/) 4- 41.^ + GNallO - CHT3 + NaOHO^ + 5NaT 4 oR^O. The 
objection to this test is, however, that other alcohols, aldehyde, 
gum, turpentine, sugar, &c., give a similar reaction. f 

* Proceedinge of the Royal Irish Academy [2] ii 579-582; Journ. Chem, 
Roe., 7, 1877, p. 108. 

t Rajewsky has found that the brain of a rabbit, which had been 
starved for two days before death, gave a marked reaction for alcohol with 
the iodoform test, and the same result was obtained from the muscles and 
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(5.) The production, first of Acetic Acidj then of Kakodt/L — A 
very delicate test for alcohol, and one specially suited for its 
detection in the blood, is recommended by Bucheim. 

The finely -divuhid substances are put in a tubulated retort, 
and, if acid, cartjfiilly neutralised. In the neck of tlie retort Ls 
placed a little j)orcelain or platinum boat, containing platinum 
black, and at each end there is a moistened piece of strongly- 
blued litmus-paper. On warming the retort, if alcohol be 
present, it is oxidised by the platinum black to aldehyde and 
acetic acid; hence, the hinder piece of litmus-paper will be 
reddened, the front one unchanged. If only a drop of acetic 
acid be present, it is possible to detect it in the following way: — 
The platinum black is washed, the washing water neutralised 
with potash, and dried after the addition of a few grains ef 
arsenious acid. On warming the dry residue in a small glass 
tube, if even a very small admixture of acetic acid be presejit, 
the smell of kakodyl will be perceptible. 

The Action of Alcohol on Benzoyl Chloride. — This test, proposed 
by Berthelot, is based on the fact that very small quantities of 
alcohol decompose benzoyl chloride with the formation of ethyl 
benzoate. The sample is shaken up in the cold wdth a few drops 
of benzoyl chloride; any ethyl benzoate formed sinks to the 
bottom with the excess of benzoyl chloride. This heavy layer 
is removed by a pipette, and heated with a little caustic soda or 
potash, which dissolves at once the benzoyl chloride, but not 
the ethyl benzoate, and the latter may be recognised by this 
insolubility, by its general properties, and by its boiling point. 
It is nearly insoluble in water, burns with a smoky flame, has a 
characteristic pleasant odour, and boils at 213°. 

Mr. J. Hardy has proposed a very sim]>lo test for the detec- 
tion of alcohol, which may be performed as follows : — Two common 

Nesslerising glass cylinders are taken, and a little guaiacum 
resin, which has been removed from the interior of a freshly 
broken lump, is sliaken up with the sample to be tested. The 
liquid is filtered, and a few droj)3 of hydrocyanic acid and a drop 
of very weak solution of sulphate of copper added. Exactly the 
same process is adopted with an equal bulk of distilled water. 
On now placing the two liquids in the glass cylinders side by 
side, over a porcelain plate, the liquid to be tested, if it con- 
tains alcohol, will be found of a blue colour decidedly darker 
than that of the distilled water. 

§ 232. Separation of Alcohol from Animal Matters. — In order to- 

tiB&ues of rabbits. lie therefore eonsiders that alcohol always exists in the 
animal organism, or that it is produced during distillation. — PJluger*» 
Archive far Phytfijloyie, xi. 122, 127. 
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obtain alcohol from organic matters the contents of the 

stomach, or the tissues), the following process will be found con- 
venient : — Solid matters, such as the tissues, are cut up as finely 
as possible, and placed with water in a retort attached to a suit- 
able condenser. Most liquids require no previous preparation, 
and are merely poured into the retort or flask, as before de- 
scribed j but it is desirable in the treatment of urine to add a 
little tannic acid. About one-third to one-half of the liquid is 
distilled over into a flask closed by a mercury valve. The pro- 
duct is now made alkaline with caustic potash (which will fix any 
volatile acid, and expel any volatile alkali), and again distilled, 
about one-third being drawn over. The liquid is next neutra- 
lised with sulphuric acid, to fix volatile alkalies, and redistilled. 
This final distillate contains all the alcohol, but neither volatile 
acids nor alkalies. The liquid thus obtained may even now be 
too dilute to respond conveniently to tests, and it may therefore 
be digested for some hours with a little caustic lime, and then 
very slowly distilled. The distillate should finally be carefully 
measured or weighed, and divided into two ])arts, one of which 
serves for the application of the usual tests, the other (if alcohol 
be found) can be oxidised in the manner described at p. 380, and 
estimated as acetic acid volu metrically. 

J. Bechainp {CovipL liend.y 89, 573, 574) has recently suc- 
cc(ided in obtaining a sufficient quantity of alcohol from the fresh 
brain of an ox to estimate by specific gravity, and has also 
separated it from putrefying animal matter. In fact, it is cap- 
able of proof, that till putrefaction is accompanied by the pro- 
duction 6f minute quantities of alcohol, and that the living cells 
of the body also produce it. Hence, in questions of poisoning, 
it is not enough to obtain qualitative reactions for .alcohol, but 
the quantity also must be accurately estimated. 
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ESTIMATION OF ALCOHOL IN SPIRITS AND AIXIJOHOLIC 

LIQUIDS. 

§ 233. In the examination of alcoholic liquors, one of the 
analyst’s lirst steps is to determine the percentage of alcohol, 
and the methods by which tliis is done are equally applicable 
(with sliglit modifications) to all liquids contixining alcohol. The 
percentage is ascertained — 

(1.) By distillation,' and taking the specific gravity of the 
distillate. 

(2.) By Tabarie’s method, applied especially to wines and 
beers. 

(3.) By Geissler’s vaporimeter. 

(4.) By oxidation into acetic acid, and by several other methods, 
which are, Jiowever, not much in use by tlie analyst. 

(1.) Distillation . — A convenient quantity (e.y., 100 cc. of beer 
or wine, 50 cc. of spirits, measured at is placed in a flask 

(«, fig. 41), having a side tube connected by means of a cork to a 



Fig. ,41. 

Liebig’s condense!'. The distillate is received in a flask (6) pro- 
vided with a doubly perforated cork, into which the bent tube of 
the condenser, as well as a tube provided with a mercury valve, 
to prevent loss, is adjusted ; the latter may be readily made by 
putting a very small quantity of mercury into the bend of an 
ordinary thistle-head funnel (c). Tliis precaution is only neces- 
iiary when very small quantities are operated upon. Experiments 
with 50 cc. of spirit distilled into a flask unprovided with a valve, 
have shown that there is no appreciable loss; but distillation 
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into an open vessel will always give results far too lo^. Beer 
and wine yield the whole of their alcohol when half is drawn 
over ; spirits should be distilled nearly to dryness. In any case, 
the distillate should be made up to exactly the same bulk as 
the oi’iginal licpiid at the same temperature, its specific gravity 
taken in a proper specitic gravity bottle, and the percentage of 
alcohol obtained by reference to the tables given at p. 371. 
Sj)irits are best returned as containing so much proof spirit^ by 
weiglit and by volume ; wines and beers, so much alcohol per 
cent., by weight and by volume. 

(2.) Taharies method^ when properly performed, is sufficiently 
accurate for all practical purposes in the case of beers, wines, and 
similar liquids. The specific gravity is first accurately taken at 
15" -5 ; a measured quantity — say 100 cc. — is then boiled long 
enough to cva])orate away the whole of the alcohol, made up to 
tJio origijial bulk at the same temperature, and its specific gravity 
again determined. From these data the specific gravity of the 
liquid, which, if it had been condensed, would have collected in 
the flask before- mentioned, is determined. Thus, specific gravity 
of the liquid befoiv. boiling, divided by the specific gravity of the 
de-alcoholised liquid - specific gravity of 
the diluted alcohol which has been boiled 
away. An actual example will suffice ; — 

A beer, before boiling, had a specific gravity 
of 1 *014 ; after boiling, and on making it up 
to the original bulk, its spcjcific giavity was 
1*0172 j now “ ’9008, and on refer- 

ence to the table at p. 371, *0968 is found to 
correspond to 1*7 per cent, of alcohol. 

(3.) GeissJer^s Vaporimeter is capable of 
giving sufficiently accurate results for tech- 
nical purposes, and as it has the advantage 
of great ex])edition, it may always be used 
to supplement and check other methods 
which take more time. It depends on 
the measurement of the tension or elastic 
force of the vaj)our of the liquid, as indi- 
cated by the height to which it raises a 
column of mercury. The apparatus (see 
fig. 42) consists of four parts — ^^dz., (1.) A 
brass vessel A, containing water ; (2.) a 
doubly bent tube, BB, fastened to a scale ; 

<(3.) a cylindrical vessel C, which is filled Fig. 42. 

with mercuiy and the fluid to be tested ; 

<4.) a brass vessel D, in the uppper part of which there is a 
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thermometer. By removing the bent tube and its connections 
from A, it may be turned upside down, and C detached ; the 
alcoholic Huid is then poured in so as to fill the space between c and 
t/, whicli, when the instrument is inverted, is empty. It is now 
connected with the bent tube, and adjusted exactly as in the figure, 
the water made to boil in A, when tlie mercury runs up to a 
certain height in the tube, and the percentage is directly read 
from tJie scale. Slioiild the thermometer not re'gister 100°, 
certain connections must be made, which is most conveniently 
done by a table, sold with the instniment. Caro in this manipu- 
lation must always be taken to exclude air from the bulb. The 
author has found it always necessary to test various points of the 
scale with known mixtures of alcohol and water, and to draw up 
a table of corrections. With this j)recaiition, it will be found a 
most useful instrument. 

(4r.) Ooddailon into Acetic Acid is an extremely accurate method 
of determining vinic alcohol, and is specially ap|ilicablo to small 
quantities. Dr. Dupre recommends the following process* : — 
A small quantity of the distillate, representing about a gramme 
of alcohol, is put in a small strong assay^flask, and mixed with 
10 cc, of an oxidising solution, composed of 147 grms. of bichro- 
mate of potash and 220 grms. of sulphuric acid, made up to 
1,400 cc. by water. The flask is wcdl stopjxsred by caoutchouc, 
and firmly tied down by canvas and string. It is then suspended 
upright in a water-bath (the neck b(*ing above the water), and 
heated for two hours between 80° and 90°. The flask is next 
removed, and tJie excess of bichromate reduced by zinc and sul- 
phuric acid ; the solution is transferred to a small retort (adding 
some sulphuric acid and bits of tobacco-pipe), and distilled over 
from a spermaceti-bath (see fig. 41). It will be found necessary 
to distil at least thrice nearly to dryness, each time adding water 
to the contents. The united distillates contain acetic acid, the 
result of the oxidation of the alcohol. TJiis acetic acid may be 
determined by a volumetric solution of soda, and the amount of 
alcohol to which it is equivalent calculated by the following 
short table : — 


Acetic Acid. 

1 . 
2 . 
3 . 


Alcohol. 

. *76(50 

. I*5;i32 

. 2*2998 


* It has been shown by Wanklyn that alcohol may also be oxidised Jntc 
acetic acid very readily by an alkaline solution of permanganate of potash ; 
it would appear that in this case there is no previous formation of aldehyde. 
A. LettcltUr also finds that an ammoniacal solution of copx)cr-oxidc at 180^ 
has the same effect. Compt, ]tend., 89, 1105* 



ESTIMATION OP ALCOHOL IN SPIRITS, ETC. 


381 


§ 234 .] 


Acotic Acid 

4 

5 

6 

7 

8 
9 

10 


Alcohol. 
3 0664 
3*8330 
4*5996 
5*3662 
6 1328 
6*8994 
7 ‘6666 


There are several other methods of estimating alcohol, but the 
abovo are the most j)ractical and efficient ; and whenever the 
amount of alcoliol is important (as, for example, in the case of 
spii’its) the analyst should determine it in at least two different 
ways. Tlio specific-gravity methods presuppose the presence of 
ethylic alcohol only ; but it is sometimes necessary to test fluids 
also for methylic and amylic alcoliols. For these the following 
processes are available : — 

§ 234. Methylic Alcohol . — 100 cc. of the suspected spirit are 
distilled twice, having been rendered alkaline during the first 
process and acid during the second, about two-thirds being dis- 
tilled over each time. The distillate is now shaken up with dry 

{ lotassium carbonate, and, after standing over night, the upper 
ayer is taken off by a syphon or pipette, and again twice distilled, 
about 15 cc. being driven over. This will contain any methylic 
alcohol present in the original 100 cc. A portion of tlio distillate is 
now diluted with water to a strength from 10 to 15 per cent., 
and in this diluted spirit the alcohol determined — (1.) By specific 
gravity ; (2.) by GeissleFs vaporimeter ; and, (3.) by oxidation 
into acetic acid. If etliyiic alcohol alone is present, all threo 
methods fairly agree. The specific gravity >vill give tlie total 
amount of both alcohols, tlie .specific gravity of aqueous methylic 
and ethylic alcohols being almost identical ; but since methylic 
alcohol has a higher vapour tension than ethylic, GeissleFs 
vaporimeter will give a higher result. The oxidation pi'ocess 
will, on the other hand, give a lower result, for methylic alcohol 
yields water and CO^j, so that the acetic acid found is derived 
wholly from the ethylic alcohol, and the difference between the 
strength thus found and that derived from the specific gravity 
gives a rough indication of the proportion of methylic alcohol 
present. If the methylic alcohol is in sufficient quantity, instead 
of the usual slight vacuum on opening the flask, there is an 
escape of carbonic anhydride, and there is no I'eason why this gas 
should not bo either absorbed or collected and estimated. 

Dr. Dupre gives the following example. A pure whisky 
showed — 


Strength by specific gravity, 
,, Vaporimeter, 

„ Oxidation, . 


9 ‘83 per cent. 
9-75 „ 

9-75 „ 
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Tho^ 'same whisky, adulterated with 10 per cent, of ordinary 
methylated spirit, and tested, gave — 

Strength by specific gravity, . . 10*08 per cent. 

,. Vaporimeter, . . . 10*45 ,, 

,, Oxidation, . . . 9*50* ,, 

The remainder of the distillate may bo used in producing methyl- 
aniline violet or oxalate of methyl. 

The general process for the production of methyl -aniline violet 
is as follows : — 10 cc. of alcohol, with 15 grms. of iodine and 2 grms. 
of red phosi)horus, are put into a small flask, and distilled into 
30 or 40 cc. of water. The alcoholic iodide which settles to the 
bottom is separated by a pipette, and collected in a flask contain- 
ing 5 cc. of aniline. If the action be too violent, the flask can 
be cooled with cold water ; if too slow, a little heating may be 
necessary. At the end of an hour the crystals are dissolved in 
hot water and boiled, an alkaline solution is afterwards added, 
and the bases rise to the top in tlie form of an oily stratum, 
which may be separated by bringing the oil, by the addition of 
water, on a level witli the neck of the flask. The oxidation of 
the bases may be effected in various ways, but best by pouring a 
cubic centimetre of the oily liquid on 10 grms. of a mixture formed 
of 100 grms. of quartz sand, 2 of chloride of sodium, and 3 of 
nitrate of copper. After incorporation it is introduced into a 
glass tube, and kept at 90** in a water-bath for eight or ten hours; 
itSs ultimately exhausted by warm alcohol, thrown on a filter, 
and made up to 100^ If the alcohol was the tint is red ; 

if it contained 1 per cent, of methyl alcohol the colour, by tlie 
side of the preceding, is manifestly violet; wdtli 2*5 jier cent, 
the shade is a very distinct violet; and with 5 per cent, it 
is considerably darker. The process may be made quantitative 
by having volumetric solutions of methyl and ordinary alcohol. 
Very minute quantities of methyl alcohol may be detected by 
adding 5 cc. of the liquid to 95 cc. of water, and then again 
diluting 5 cc, of this liquid with 400 cc. of water, and heating it , 
in a porcelain cap.sule. Fragments of white merino (free from 
sulphur), immersed in the liquid for half an hour, will remain 
white, if the alcohol was pure ; if methyl was present, they will 
be of a violet tint.f 

Oocalate of Methyl may be obtained by mixing the distillate 
with half its bulk of sulphuric acid and double the quantity of 
hydropotassic oxalate. The whole should stand in the retortrfor 

* Note on the Examination of Whisky and other Spirit® for Methylated 
Spirit and Fousel Oil, by J>r. Dupre. Aiialytif,, i., 1870, p. 4. 
i A. Eichc and Brady, Comptea Jtendus, vol. xxx., p. 1000. 
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twenty-four houx’S, and then be distilled. Crystals appear after a 
time ill the cooler parts of the flask or retort ; their composition 
is ( 0113 ) 20204 . It would also bo quite possible to produce sucli 
compounds as the salicylate of methyl, <kc. 

Formic Acid , — It has been already stated that methyl alcohol, 
when fully oxidised, is resolved into COg and water. This takes 
place in two stages ; first, formic acid is produced, and then this 
formic acid bi*eaks up. Thus : — 

(1.) Methyl Alcohol, Formic Acid, 

CH4O + Oj — CH2O2 4 * HjO 

(2.) Formic Acid, 

2CH2O2 + O2 = 2CO2 + 2H2O 

It hence follows that if a spirit be distilled in the manner 
recommended by Dr. Dupre, and only partially oxidised, it ia 
possible to get formic acid, which has some very characteristic 
properties. To obtain this result a small portion of the dis- 
tillate, 2 to 4 cc., is taken, and 3 grms. of potassic dichromate 
are added, with an equal quantity of pure sulphuric acid, and four 
or five times as much water. This is allowed to act for twenty 
minutes, and then distilled ; the liquid is alkalised with sodium 
carbonate, evaporated to half its bulk, acidulated with acetic 
acid, transferred to a test-tube, and tlieii heated gently with a 
5 per cent, solution of nitrate of silver. If formic acid has been 
produced, there is a distinct pi’ccipitato of metallic silver. 

§ 235. Foiifiel Oil is the name given by most chemists to amylic 
alcohol ; it may, however, be conveniently applied to the mixtui^e 
of the higlier homologiies of etliylic alcohol. Dr. Dupre* detects 
fousol oil by oxidising one or two grms. of alcohol, previously 
distilled (if necessary) in the manner already described. When 
cool the flask is opened, the excess of dichromate reduced by 
zinc, and the acitls produced distilled olT, The acid distillate 
is neutralised with a standard solution of normal soda, tho 
solution evapox’ated to a small bulk, and transfeiTed to a retort. 
An amount of normal sulphuidc acid, equal to one-twentieth of 
the normal alkali used, is now added, and the contents of the 
retort are distilled to dryness in an oil-batJi, the tenxpei*ature being 
allowed to rise to about 130^ Water is then added, with a 
further quantity, one-twentieth, of normal acid, and the contents 
re-distilled to dryness. Some water is now poui’ed on the 
dry residue in the retort, and it is again distilled, the latter 
operation being repeated three times. The distillates from these 
vaiittxis operations are united, neutralised by carbonate of barium, 
the solution boiled, filtered, and evaporated to dryness, the 


• * Op. cit. 
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residue dried at 1 30”, and weighed. Tlie barium salt is con- 
verted into sulphate in the usual manner, and the percentage of 
barium determined. The data are now at hand to determine the 
presence of fousel oil in the sample, and the approximate quantity. 
The barium salt of the acid produced by tlie oxidation of fousel 
oil (Barium valerianate, Ba(Cr,Trj)02)2>) contains 40-41 per cent, 
of barium. The barium salt of the acid derived from the oxida- 
tion of pure alcohol (Barium acetate, Ba(02Hjj0o)2,) contains 
53-72 per cent, of barium. If the alcoliol is free from fodsel oil, 
the barium found will closely approximate the percentage men- 
tioned ; but if the higher alcohols arc present, the percentage will 
be lower, and a fair approximation to the amount of fousel oil 
will be aiTived at by estimating the salt as a mixture of baric 
acetate and valerianate, and calculating out the percentages on 
the usual principles. 


BRANDY. 

§ 236. Bi-andy, in its present form (Cognac), is a spirit derived 
from the distillation of wine ; inferior varieties are made from 
the refuse of grapes, with admixture of other materials.* The 
constituents of brandy are — alcohol, water, acetic, cenanthic 
{ethyl pelargonato), butyric, and valerianic ethers, small quan- 
tities of grape sugar, minute quantities of a volatile oil, colouring- 
matter, a trace of tannin, acetic acid, and a little fixed acid. 
The specific gravity of genuine brandies varies from *929 to -934; 
the solids from 1 to 1-5; ash, *04 to *2; acidity, *01 to *05 
{reckoned as tartaric acid) ; and the sugar from 0 to *4 per cent. 

The adulterants to be looked for are — methyl and amylic 
alcohols, tannin in excess, sulphuric acid, lead, copper, zinc, and 
hot principles, such as cayenne. The estimation of alcohol and 
the examination of the distillate are elsewhere described (see p. 
378 et seq.) Any acetic acid will be found in the distillate, and 
can be estimated by volumetric solution of soda. Fixed free acids 

* The brandy mode in England is for the most part artificial. A very 
usual process is to add to every 100 parts of proof spirit from half'a-pound 
to a i>ound of argol, some bruised French plums, and a quart of good 
Co^ac; the mixture is then distilled, and a little acetic ether, tannin, 
and burnt sugar added afterwards. 

Artificial Cognac is sometimes made by oxidising palm-oil by potassic 
dichromate and sulphuric acid, and then distilh’ng it with 70 per cent, of 
alcohol and concentrated sulphuric acid. CEnanthic ether is among the 
products. 
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will remain in the residue, and (if no free mineral acid is detected) 
may be estimated volumetrically, and returned as tartaric acid 
(1 cc. of d.ii. soda-- *0075 tartaric acid). 

If the residue taste hot and pungent, some sophistication, such 
as ca})sicuin, must bo present ; an attempt should be made to 
separate such Jiot substances in a comparative state of purity by 
benzole, etlier, ite. 

If the hvandy is coloured by caramel alone, on the addition of 
a pers^lt of iron there will be no deepening of tint; if, on the 
contrary, th(i colouring be derived from the cask, and tlie Tirandy 
contain tannin, it will deepen very decidedly in colour. 

Since it a])pears that in some of the recipes of the trade tinc- 
ture of oak bark is uscti,* should the pr(^ci[»itatr* by a persalt of 
iron bo very evident, the nnioiuit of tannin must be estimated. 
The direct addition of hydric sulpliide to acidified spirits pro- 
<luces a colour sufficiently dark to be noticed should lead or 
coj)per 1)0 pnjseut, especially if an equal hulk of the unsulphuretted 
spirit be compared side by side. If zinc be sought, it will be 
best to add carbonate of soda, evaporate to dryness, and pi'oceed 
as in the article on “Zinc’’ in tlie second ]iart of this work, to 
Avliicli portio]! also tlie readta* is refcri'ed for .s])t>cial processes for 
the detection of haul and co])pcr. 


UUM. 

§ 237. The best rum is distilled from forineuted molasses, 
inferior kinds from the debris of the sugar-cane. In France a 
considerable amount of spirit is also derived from the molasses 
of the bcid root-sugar factories. Tlie specific gravity of rum 
varies from *874 to '1)20; it is usually a strong s))irit, genuine 
rum never falling bidow 50 pia* cent, of alcohol, and often reach- 
ing as high as 70 per cent. It is always slightly acid (about *5 
per cent.) The solid residue varies from *7 to 1*5 per cent. It 
may contain sugar; tlie proportion of ash is very small, seldom 
more than *1 jxn' cent. The analysis is carried out strictly on 
the principles before di^scribed. 

* Mr. GrifUii found a large quantity of tannin in a sample of brandy. He 
explains the eircumstaiico by the following receipt for the manufsictiire of 
f’ogiiac .*— I'ake of acetic ether three quarters of a pound, French wine eight 
quarts, oak-bark tincture (made with a quarter pound of oak bark and half 
a quart of spirit) half a quart, purified spirits so much as to briog the whole 
to 150 quarts of 54 r)er cent, by Tralles. — “Chemical Testing of Winoa and 
Sjiirits.” By John J. Griffin, F.C.S., Loudon, 1872. 


26 
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WHISKY. 


§ 238. Whishf is one of the corn spirits, and is usually nuiiiu 
factured from malted strain. The Scotch distillers, for the most 
part, make it entirely from a malt mash, the Irish use malt and 
raw grain ; but in both countries there are considerabh? dilfer- 
ences in its manufacture. The new whisky, impregnated witli 
fousel oil, is called “pot-still whisky.” This liquor is often 
blended with so-called imjirovers — “Hambro” sherry, prime 
wine, <S:c. The specific gravities of whiskies is usually from *01 o 
to '920 ; alcoliolic strength from 50 to GO ]H;r cent. ; total extract 
under 1 ])e.r cent. ; it has a minute quantity of volatih* acid (si*!- 
dom, perhaps never, so high as *1 per c(‘ut.), reckoned as acc.tic, 
and a trace of ash. If sugar is found it must ha^ c hoen added. 

The chief adulterant popularly sujqiosed to be mixed witlb 
whisky is potato spirit, or fousel oil ; but besides this, methyl 
alcohol, creosote, fixed acids, and, genenilly s]>(‘aking, the sojdii.s- 
ticatious used for the c^her spirits, Jiave either been proved, oi* 
their presence suspected, as fraudulent additions, Witli regard 
to fousel oil, small quantith'S in ordinary wliisky an^ ineidi iital 
to its manufacture, and liot an a«lulteration. 2’lie only estima- 
tions of the exact quantity of foused oil in whisky that wo lun e, 
are probably those contained in J)r. Dupre's jiajx'r hc'fore quoted. ’ 
Dr. Dupre found in a samph* of l^cotch whisky — 


For 100 of Eth^lic Aloidioi, 
Cape .Smoke, . 

("omriion S.'unshoo, . 

Fine ,, 


O’lO per cent. Amvlie. 
0.24 „ 

O’IS ,, 


Since these appear to be the only determinations worth}'- of 
any credit, it is diflicult to say what (juantity of ainylic alcohol 
denotes adulteration, ami the question becomes a medical one-- 
viz., w’hether fousel oil is in juriou,s or not ; if it is, how muoli is 
injurious ? 

§ 239. That fousel oil in injiirious (wo may say, imh'cd, 
poisonous) is ev ident enough from experiments on animals and 
men — e.. 7 ., Eulenberg f allowed 30 grms. of amyl alcoliol to evapo- 
rate in hot sand in a zinc box in wliich a kitten was confined. 
After half tlie (piantity had been put in, the symptoms imme 
diately commenced, and in an hour the animal lay partly 
insensible, breathing with difficulty, and shivering. There was, 
however, no full narco.sis, and it recovered in four days. Iii 
another experiment, in wliich 40 drops of amyl alcohol had been 


* AnaUfHt^ i., KS7G, p. G. 
t 1876, p. 440. 
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administered to a kitten, after seventeen miimtes tliere were 
palpitation of the lieart, irregular breathing, and relaxation of 
the limbs, and in twenty -two minutes there was full anst'.sthesia. 
The animal I’ecovered after a sliort time, the h carl’s action 
remaining more frc([uent than usual until the next day. Cross* 
obs(jrved similar symptoms in pigeons and kittens ; in the latter 
the respiration was stertorous, itabuteau t states that 1 of amyl 
alcohol in 500 of water causes aiuesthesia in frogs in twenty 
miuiit(.‘s ; the heart’s action becomes slower, and the skin dark, 
and in ahout two hours death occurs, the cardiac pulsations 
gradually ceasing. Dr. Furst of Berlin killed a rabbit with 
about 7*0 grins. (2 drachms), injected into the stomach ; another, 
howcv(?r, recover(*d from the same dose. 

Action on Man . — Mon engaged in the manufacture of potato- 
s[»irit suffer from In^adaclie and geiieial nervous indisposition, 
unless the vapours are conducted away from tliem. An experi- 
ment by Cross on himself showed that the vapour caused intonse 
aching and hoavim*ss of the head, and other unpleasant symp- 
toms. It has also luaui .shovvn that 20 cgms. (*V(^ grains) ot amyl 
alcohol taken internally produce? slight symptoms, the action 
being first stimulating, then deiiressing. 

From tin? foregoing we are now in some degree able to judge 
wJiat amount of ainylic alcohol would })robably liave immediate 
injurious elfects • as to tlio chronic otfects ot small doses nothing 
delinite is known. Turning to Dr. Dupre’s first SMiiiplo (a 
Scotch whi.sky containing 'lU of amylic to (‘very 100 ot etliylic 
alcohol, tin? whisky its(df containing 54*5 per cent, of alcohol), it 
would appear that such a whisky Las about *40 of amylic alcohol 
to the ounce. A ]K*rsou taking 2 ounces of sucli a Ihjuid would 
thus sw'allow nearly a grain of amylic alcohol, and if it contained 
three times the fpiantity, the active projierties of the amylic 
would be addiMl to that of the ethyiic ; for it would then be equal 
to about 3 grains, the low'ost amount at which distinct eflects 
can bo obtained. Anything, therefore, like a grain and a half of 
amylic alcohol per ounce (irrespective of the ([uestiou whether such 
a whisky may l>o pronounced adulterated or not), may certainly be 
considered injiirious to health. The analysis of whisky is carried 
out precisely upon the principles already detailed. 

§ 240. The prosecutions for mere dilution of wdiiskyj have 

* Cross : De TAlcoliol Amyli<ine ct IMethyl sur rOrgaiiismc. Tlifese. 

Strasburg, 18C3. , , ^ i ah i 

t Rabiitcau : Ueber die Wirkuiig dcs /Ethyl, Butyl, wnd Amyl Alkohols. 
U Union, Nos. 90, 91, 1870; SchnidfsJalirb,, Bd. 140, i». 263. 

t The legal limit of dilution of brandy, whisky, or rnm is degrees 
under prooil (See p. 48. ) 
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been rather frequent, especially in the north of Kngland; but very 
few convictions for otlier aduliea-ations appear to have been ob- 
tained. The following case presents suilieieiit points of interest 
to deserve quotation * 

At the (ireeijook Police Court, W. D. was accused of aellini; to two 
women four gills of wliisky adulterated with tixed acid in a free state. . . . 
The auiilyst stated that the litjuor contained 
.P.y wi'ight per '‘onf. 

;u r) Alcohol t proof spirit. 

(i'42 Fixed acid. 

9*87 Volatile acid. 

32*20 Ash. 

The adulteration dul not materially incroast^ the we ight of tho whisky, and 
it was not hurtful, hut the liepior was of inferior •|ua[ity. Altliough volatile 
acid M as souictiines found in wliisky from natural causes, it did not occur 
in so large a quantity. He was of o]iinioii that it had been added in the 
present case in the form of sherry wine. Volatile acid ha<l the ({uality of 
changing the tone, and giving it a little ilavour. 'J’he lixed acid could not 
he present in ]>urc whisky unless it had been addcii, A penalty was imposed 
by the court. ->S'u/i. AVcoy*'/, i., 1874, 44*2. 


(HX. 


§ 211. dill is it .spii in llavounal vvitJi various jsiibsUiuco.s. 
dilbucJit rc*ct.‘i[>is used in tlio triulo include— 

Juni[)t'r berries. , (Airdiuuoin simhIs. 

Conniider seeds. i liiipiorice powiler. 

Orris root. j (» rains of JAiratUso. 

Aiigolica root. 1 Cassia buds. 

Calamus root. I 


The 


These generally imparl tlieir essi'iitia) oils to the spirit. A 
few of the more impoi-tant oidy will be ihrseribed bere. 

§ 242. Oil of CalainuH,- 'fbe oil «li.stilled from tlu^ root of the 

ca!;imus is a somewhat tliick, ytdIoAv, or brow^nisli yellow oil ; 
nmitral, specific gravity 0*950 to 0*952; after reetliicution, 0*950; 
boiling point, 196^ Jt contains oxygen, is but slowly changoil 
by sodium, and does not fulminate with iodine. It dissolves 
in all projiortions in alcohol and bisulpliidt^ of carbon. The 
spirituous solution of the oil takes a brown colour on tlie addi- 
tion of a little chloride of iron. 

§ 213. Oil of Canlamoim is a pale yellow oil, with a strong 
snieil of cardamoms, of neutral reaction, of spiscific gravity 0*92 
to 0*94. It contains a stearoptone of the formula OioHi„3H,0* 


* 1 1 u sEJviAN N. — “Die PHanzciii3 toife. * ' 

Dumas and Pkligot : At>n. Chim, Pfn/s. [2J, Ivii, 334, 
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§ 244 . Anr/elica root contains a volatile acid — Anyelic acid — a 
bitter principle, a crystalline substance — Angelicine—a resinous 
substance, an essential oil, and other constituents. 

Angelic Acixl^ C^HgOo, forms transparent glittering prisms and 
needles, melting at 44 ^ to 45 "* into an oil, which may bo solidi- 
fied at 0® into a crystalline solid. If the heat be raised u]> to 
190° it boils and distils unchanged; it is inflammable, burning 
with a luminous flame. The acid reddens litmus, and has tho 
odour of tlic root. It scarcely dissolves in cold water, but is 
soluble in hot, in alcohol, ether, turpentine, and the fatty oils. 
It forms salts wdth bases, whicli losc^ a part of the acid on evapo- 
ration. It precipitates lead and silver salts white : iron salts, 
dark yellow ; and copper, bluish. By the aid of liydric iodide 
and red phospliorus, acting at 180^ to 200°, angelica acid is 
changed into valovianic. Melting the acid with KHO decom- 
poses it into ]»ropionate and acetate of potash. 

Angdicine is, acc(»rding to Brunner, probably identical with 
hydrocaroiin^ a })rinciplo describial by Husemanii, found in the 
DauciiH carofa, L,, and to which the following formula is ascribed, 
CjgHjjoO. Hydroeavoiin, or angoUciii<‘, forms colouiless, hu‘go, 
thin [dates, without smell or taste, swimming in water, and 
becoming at 100° hard and brittle. At higlnu* tem[)oratures 
(120"' *5) it molts without loss of weight to a yellow fluid, which 
solidifies as a resinous mass, and cannot bo again crystallised. 
It is readily soluble in ether, chloroform, carbon bisulphide, 
benzine, oil of turpentine, and warm olive oil. It is not changed 
in colour by concentrated hydrochloric acid ; fuming nitric acid 
dissolves it with tlio evolution of gas. Concentrated sulphuric 
acid dissolves it to a red fluid, dejmsiting brownish-white flakes 
on dilution with water. 

Angelica Oil is colourless, and lighter than water ; it has a 
penetrating odour and cainplior-like taste, and resiuifies on 
exposure to the air.* 

§ 245. 011 of Coriander is a pale yellow oil, smelling like the 
fruit; of specific gravity *871 at 14°, and a portion distilling 
over at 150°. TJjc volatile ])art corresponds to the formula 

" liihliography. 

Alscuer. — d. dfmtsch^ Chem. Oes.^ 18G9, 685. 

Bkitnnek, Carl.— -V. 75/?. Pharvi.^ xxiv. 041-665. 

BticiiNEH, A. — PeperL Pharm,, Ixxvj. 

Chiozza. — A nn. Clihn. Phys. [3], xxxix. 435, 

Husemann. — “ Die Pflanzeustoffe.” Berlin, 1871. 

Jaffe. — Ann. Chein. PJuirm., cxxxv. 291. 

Mayer and Zennbr.— Chem. Phm'm.^ Iv. 317. 

IlKiNStui,-— /aArft. Phann., vii. 79. 
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; the portion of a higher boiling point to 
If both "portions are distilled Avith phosphoric anhydride, a 
powerfully odorous camphor, OjqITjj., is produced.* 

§ 246. Oil of Juniper is contained in tlie unripe berries of the 
common iuniper, in the proportion of from -4 to '75 per cent. 
It is colourless, or of a pale yellow, dissolving with turbidity 
in twelve ])arts of alcohol of 83 per cent. jMiscible in all pro^ 
portions with ether and bisulphide of carbon. Smell and tastti 
mildly aromatic. Specific gravity 0*8G2 tr) O S74, but th(? poorer 
commercial samples often have a specific gravity of 0'86(). Tlie* 
perfectly colourless oil does not fulminate with iodine, but the 
commoner kinds explode powerful ly.t If fi*om 5 to G droi)s of tlui 
oil be placed in a test-tube, and five times its bulk of sulphuric 
acid be added, much heat is developed with tlie evolution of 
vapour, and tlie lluid become.s dark ycdlow-red and turbid ; on 
now diluting with 10 ec. of 90 p(n* cent, alcohol, tlu; colour cliaiiges 
to a somewliat dirty rose tint. Tlie juiro oil boils between 
140*^ and 150'; it jiolarises to the left. On ex]>o.sun' to tlie air, 
oxygen is absorbed ; and on long .standing, colonrle.ss tables of 
juniper camphor are separated. Thin eamplior melts and sub- 
limes without deconipo.sition, is <'asily soluble in ether and 
alcohol, and may be obtained in feathery crystals. 

Tlie action of warm water on junijx'r oil, if k(‘pt up for some 
considerable time, results in the formation of a crystalline 
Jiydrate. Oil of juniper is othcinal in all the (^>lltinental phar- 
macopo'ias, as well as our own. In sucli large doses as from 15 to 
30 grms., it is fatal to kitten.s, ajiparentiy acting in the same wi\y 
as turpentine. J 

§ 247. Anali/fits of Gin ,. — 'The analyst sliould find in good gin at 
least 80 per cent, of jiroof s[)irit, ami a variable amount of sugar 
and flavouring matters, seldom mncli o\'('r 5 or 0 jier cent. Sul- 
phuric acid, sulphate of zinc, alum, aiul lead sliould always be 
looked for. Many writers seem to imagine that grains of tiara- 
disc is an adidlerant. It is, Jiowever, in its jiroperties merely a 

* HrsKMANN. — “ Die PflanzenstolTc.” ]k?rlin, 1871. 

Kawaltkr. — Journ. Pntvt. Cham., Iviii. 22(5. 

+ It is said that the oil from the iiiirit>e fruit explodes, that from the 
folly ripe berries losiitg this pro|icrty. 

X Bihlioftraplty . 

HiRscii. — “Priifiing der Arzncimiltel.” Derlin, 1875. 

Husemann. — “ Die PHaiizenstoffe.** Dcrliii, 1871. 

Simon. — “De Olei Juniperi Berol.,’" 1841. Berlin Med . Ttr. Zty . 

19, 1844. 

Steku. — Chem. Centrafhl., J85G-C0. 

SoUBETKAN et Capitaink. — Journ. Pharm. [2], xxvj. 78. 

Zacbzek. — / lepert, Plvarm., xxii. 415, 
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|)e|>per, aiul mueli nonsense lias lieen talked about it. It is 
\ (?ry doubtful ^vh<^tller any just conviction would be obtained 
for the addition of any harmless flavouring to the spirit; nearly 
all prosecutions hitlierto have been for dilution, and for dilution 
only. It app(»ars that no genuine gin * is sold to the retailer 22 
under proof, but the standard fixed by the 6tli section of the 
Amended Act (see p. 48) lays down tlie limit of 35 degrees under 
proof, and aiiytijing below this must 1.k? returned by the analyst 
as adulterated. 

The alcoliol should be determined by distillation, as before 
described (p. 378). and the porcentagt; in tbe distillate estimated 
by s))ecific gravity, and, if necessary, in f»tlier ways. Neither 
im ‘thy I alcohol nor fousel-oil appears to have V)een found in 

Idle residue aft(u- tlie distillation may b(‘ treated w-itli petro- 
?eum etli(‘r, biuizine, ikc.y as iii DrageiulortV's process for tlui test- 
ing of beers, dim essential oils will be taken up by the petroleum 
<‘tlier, and may la; identified })y their odour and taste, and (if 
f'liough is obtained) by their jdivsical properties. Sulphuric 
acid, if in a free state, may bo separated by quinine, as reeom- 
inended under the article Vinegar.'^ d^’be detection of alum, 
iead, and zinc is elsc*wlu‘re described. 


A ni< Ai K. 

§ 218. The best «jualitie.s of arrack are manufactured by 
'distillation of tlu; forineii ted juice of the cocoa-nut tree, palmyra 
tree, and otln r palms ; the coarser kinds arc made from the 
vdistilJation of ferincntcHl rico liquor. Arrack is nearly colourless, 
a slight tinge of yelhnv or brown being only observed in samples 
kt;pt in casks for a length of time, ddio average strength and 
composition of arrack are as follows : — 

■ Jn an a]>peal case (heard bchae tlie legal limit was lixed) before Baron 
<doashy and Mr. «liistice Grove {Fiishler v. Ft(‘reHUt), the analyst proved that 
the gin was 44 degrees below proof, d he judges aiiirmed the conviction. 
Baron Gleasby thought the conviction was right. When the respondent 
Ji.sked for gin he meant such gin as is ordinarily sold ; and to sell him such 
.gin as that in ([ucstion was to sell, to the prejudice of the purchaser, gin 
which was not of the quality demanded. The amount of water proved to 
have been discovered with the ^in alTorded evidence that it had been added 
for the purpose of fraudulently increasing its measure, Mr. Justice Grove 
concurred ; in liis opinion, when it was proved that the gin contained so 
much more water than gin as ordinarily sold, the onus was thrown on the 
seller of proving that he was not aware of the state in which it was. 
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Sf>ccific gravity. 
Alcohol, . 

• 


•9158 

Per eciit. 

52-700 

Extract, . 



, , 

•082 

Ash, 



. 

•024 

Water, . 




47101 


The Hindoos and Alalays consume large quantities of ai*rack. 
It would appear in the Hast to bo occasionally drugged, and 
Indian licinp and the juice from solanacooiis plants are said to be 
employed for this pur{»ose. 


LIQU PAIRS OR CORDIALS. 

§ 249. TJie term cordial, liqueur, Szc., is applied to a number of 
liquids ^vhich essentially consist of very strong spirit, fiavoiire<l 
with essences, and often very Inaglitly colounal by vegetable 
colouring-agents, sucli as turmeric, cochineal, (kc. Occasionally 
injurious colours arc5 used, and salts of copper, picric acid, and 
impure aniline dyes have been detected. Of the liqueurs, 
absinthe is the most important in relation to health, and will 
bo considered separatfdy. The alcoholic stvengtli and general 
composition of a few others are as follows: — 



Spooifle 

gravity. 

Aloobol * 

l»y Extract 
weight. 

! Cane 
i SugJir. 

Other 

Extrai*- 

tivo 

Matters 

i 

Ash. 

Bonekamp of Maagbittcr, . 

•9426 

42*5 2 05 

!_ 


0-1 OG 

Benedictine-bitter, . 

1 0709 

44-4 : .30 -00 

.•wr)7 

3-43 

0-04.3 

Ingwer, .... 
Cr^mode meiitbe, 

J 0481 

40-2 27 79 

25-92 

1-87 

0-141 

1 0447 

40*7 28-28 

1 27-63 i 

i 9*05 

0068 

Anisette de ik>rdeaux, 

; 1 0847 

35-2 j 34-8-2 

I 34 44 1 

1 0-38 

0-040 

Curagoa, .... 

1 0300 

47-3 1 28'GO 

! 28 -50 I 

; 0-10 

0-040 

Mftmmel -liqueur, 
Pfetfer-munz liqueur. 

1 0830 

28*0 : 32 02 

i 31*18 i 

; 0 S4 

0-058 

1*1429 

28-6 I 48-25 

47-35 j 

0-90 

0 0G8 

Swedish Punch, 

1-1030 

21 -G j 3G‘G1 

! ... 1 

1 1 

... 


ABSINTHE. 

§ 2o0. Absinthe is a yellowish-green liqueur, which contains, 
as a y»eculiar and distinctive ingredient, a poisonous oil having 
a deleterious action on the nervous system. This, ^^worm- 
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wood is tins produce of the Artetnisia absinthium'' Other 
flavouring oils are always present, such as pepjKirmint, angelica, 
cloves, cinnamon, and aniseed. The green colour is produced by 
the juice of spinach, nettles, or parsley, or, in other words; it is 
duo to cliloro[)]iyll. The absorption-spectrum of properly made 
absinthe, is the same as that of chlorophyll. Most samples of 
absinthe contain sugar. The average composition of the liqueur 
as consum(‘d in London (where its use is on the increase) is as 
follows : — 


5 ’(!• rr-.tii. 

Absolute alcohol, ...... oOlK) 

Oil of wormwood, *33 

Other essential oils, ...... 2*52 

Sugar, ........ 1*50 

Chlorophyll, ....... traces 

Water, ........ 4r»‘Gr» 


On diluting absintlio the essential oils are thrown out of 
solution, and the li(pnd becomes t\nbid. The reaction i.s always 
slightly acid, due to a trace of acetic acid. 

Adultevdlions of Absinthe , — TJie composition of absinthe appears 
to be fixed by no definite standard of strength ; tlierefore, 
2 )i*actically, the analy.st lias to look only for .such substances as 
injurious colouring-matters and metallic impurities. Sulphate of 
indigo with turmeric is not unfrequently employed as a colouring 
agent, and similarly picric acid lias been detected, and salts of 
co])p(U'. The latter is readily di.scovered by tlilutiiig the Ihpieur 
and adding ferrocyanide of jiotash, xvhich, if coj>per bo present, 
will give a brown coloration ; jucric acid and indigo are detected 
in tiui way elsewhere described. (See Jnder.') 

Analysis of Absinthe,— Tho, alcohol may be determined by dis- 
tillation, after diluting the liqueur to cause tJie oils to separate, 
and getting rid of some j^oidion by filtration. To make an 
estimation of tlie essential oils, a measured q\iantity*of the 
liqueur is diluted to twice its volume by the addition of water ; 
carbon disuljihide is added, and tlie mixture shaken up in the 
tube described at j). (>9. 'J'ho carbon disul^diide dissolves all 
the essential oils, and on evaporation leaves them in a state pure 
enougli to admit of their being weighed. Absinthe, when taken 
habitually and for a lengtliened time, produces a j)eculiar train of 
nervous synq>toms which the French physicians affect to dis- 
tinguish from the similar synnitoms produced in inebriates by 
alcohol. In epilepsy caused by indulgence in absinthe, ’M. Voisin 
states, as the results of clinical observation, that tlie number of 
fits is far greater than in alcoholic epilepsy. 
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The chemical act of fcrmentutioii is essentially a correlative pliciiomoiioii 
of a vital act beuiiminu: ami oiidiiig with it. I think that there is never 
any alcoholic fenneiitation without there heino:, at the same time, 
ori^anisation, development, and multi plication of globules, or the coii- 
tiniied consecutive life of globules already formed.”— 


§ 2*‘il. Feriiioutcd liijuors :m> tlio.se inuiinfartimHl by fermen- 
tation — /.#?., a peculiar, low vegetable growth has been allowed 
to grow and multiply, assimilating material in one form, and 
excreting it in another, and this process has e\ olvaal, with other 
by-products, carbon dioxide and alcohol. Fermentation us(*d to 
be considered as a sort of special action ; but modern roscar<*h 
recognises a great variety of ferments, and it is a (juestioii 
Avliether all animal and v<\getable cells, in tlu^ exercise of 
their normal functions, do not act in a similar inaniua; to the 
environing tluids, as do the organisms more distinctividy calhal 
ferments.'' 

Ill normal alcoholic or s}>irituous fermentation, as in the manu- 
facture of beer, a minute unicellular jdant, “ yeast," grows and 
niulti[)lies, and sjilits up the sugar, as in tlie following equation ; — 

b’uRioOo 2C,dfaO -I 2C0o, 


fliat is, one molecule of sugar fiirinshe.s two of alcohol ami two 
of carbon dioxide. In ordinary practice this conqilete reaction 
Tiev(n' occurs, luit if by tlic constant removal of carbon dioxi<h‘. 
and alcohol, by means of a mercury pump, atmo-splnaic air Ix^ 
excluded, tlie equation is nearly realised. M. Pasteur, in his 
quantitative re.searcli on the products of ordinaiy f(*rment:atit)n,* 
found that 100 parts of cane-sugar, correspond i Jig to 10r>*2() parts 
of grajie-sugar, gave nearly 


Alcohol, . 

Carbon dioxide, | 

Succinic acid, . 
tilycerine, 

flatter united with } 
fermcnt.s, . . ) 


riiii 

48 ’SO according to Cay Jaiasac's equation. 
0 03 excess over „ ,, 

0 07 

;bio 

100 


10o’30 

Tlic method adopted hy M. Fastcur to detect and measure quantita- 
tively the glycerine and succinic acid contained in a fermented liquid, was 
as follows: — “.The liquid, when the fermeutation was over, and all tho 
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Monoyer * lias represented Pastexir’s results in the form 
of the following equation : — 

4(Ci2H2.,Oi 2) I OHoO .-.2(C4 Hc 04) + 12(C.,HsO,.j) f 4 CO 2 O., 

tlio fr(?ci oxyg(in being supposf;d to serve for the resj^iratioii of 
tlK‘ yeast cells, i^isteur's equation is far move comjilex, and 
r(‘presents no free oxygen as ])roduced ; yet the fact of fermenta- 
tion going on liriskly in a vacuum, as well as otlier considerations, 
jioints to tljc jirobable coiTOCtness of JMono^'er’s supposition. 

As a secondary iirodiict, tlieni is also constantly acetic acid. 
This is generally considered to originate from the ferment itself. 
With <?thyl-alcoiiol there is also produced, when complex matters 
are fermented, several otlnu* homologons alcohols. For (:xampl(% 
if })otatoos ai'e fernumted, on distilling otl* tlie more volatile 
])ortions, and colbading separately the linal distillate, this is 
found to consist of jiropyl, butyl, amyl, cai>roic, <l•nantl^yl, ami 
ea p 1 y 1 le a 1 c ol 1 oLs. f 

§ 252 . Yf fist . — There are no less than three methods of causing 
the wort of be(‘r to fcjrnuait, but none of the tliria? pioscnits any 
very distinct variety of the yea.st ferment. The one generally 
c?mplo3’'cd in England is Mdiat is called surface fermentation, in 
which th(i starch of the malt is changed into sugar b\- successive 
infusions, and the fermentation takes jilaci^ at from 15 '^ to 18 ^- 
Tliis in breweries is doiu* in large o})Oii vats ; the yeast floats on 
the 8111*11100, and can be removed by’' skimming. 

TIh' si’coiul method, nioixj in use in (j!erman\% is fermentation 

sugar had disa]»pearcd (which reejuired from fifteca to twenty da 3 ’s under 
good condition.^), Avas i^asscd through a liltcr, accuratebv weighed against 
another made of the same paj)er. After having been drietl at 100'^, the 
dried de])Osit of the ferment c<»llcetcd at the bottom of the vessel was also 
weighed. 'J’lie liltcred li«|ui<l as subjected to a very slow evaiKU'atiou (at 
the rate of from twelve to twenty hours for each half litre) ; when reduced 
to 10 or 20 ee. the evaporation was completed in a dry vacuum. I’hc syrup 
obtained was next exliausted with a mixture alcohol and ether (1 part 
alcohol of and J 'o parts etlier), which extracted completely all the 
succinic acid and gl 3 'ccrine. 'Jlio cthcr-alcobol was distilled in a retort, 
then cv.iporated in a water-bath, and afterwards in a dr 3 ’^ vacuum. To this 
wa.s lidded a little lime water, to fix the succinic acid, and again the mixtuv 
was evaporated, and then the gl 3 Terine w'as separated from the succinate of 
lime; by cthcr-alcoliol, which only dissolved out the glycerine. 'J'his ether- 
alcohol solution on evaporation, which was finished as before in a dry' 
vaonum, left the glycerine in a state tit to bo weighed, and the calcium 
succinate was puriiicd by treatment with alcohol of 80 per cent. , which only 
dissolved out the foreign matters.” — Schiiiztnberqer on ^^Fcr/nc'titathnY 
Lend., I87G. 

* “ These de la Facnlt6 de MCdicine de Strasbourg.” 

V \r. Jeanjean has separated cam phy 1-alcohol (CioHicO) frow the distillate 
of madder. 
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by sedimentary yeast (^Unterhefe). Tlic starcli is transformed 
by decoction, and tlio tein)>oi*aturo (12*" to 14®) is much lowc.r 
than the former. The yeast forms a sedinumt on tlie bottom ; 
and when tho first and most active fermentation is over, the 
clear liquid is rim off into proper vessels ; but tho yeast not 
having been all deposited, a slow fermentation still goes on 
for a long time. 

A third method, employed in Belgium, is to leave tho wort 
to itself, having first placed it under proper* conditions. 

The microscopical apjiearauco of yeast is that of a number of 
round or oval cells, from *00031 to *00035 in. (*008 to *009 mm.) 
in their greatest diameter. They are transparent, with one or 
two vacuoles ; contain often a somewhat granular protoplasm, 
and occur together, united tw^oby two; or, if in active growth, in 
groups, of which seven is a very common number. These groups 
are derived from olfslioots or buds from a single cell, which w ill 
be found soinewJiere near tin? middle, and can bo identified by 
its greater size. Tho usual teaching as to tho mode of propaga- 
tion has boon hitherto that this growdh is effected ]>y a true 
budding ; but according to Dr. de \^aureal, the su[q>ose(l bud- 
ding is an optical delusion. He considers the utrich^ of y(\ist 
as allied to the spormogones of Tnlasne. Th(' nucleolar olenuuits 
of the coll are spermatic ; and being sc^t free* by the ru})tui‘e of 
the cell-wall, produce new cells. This explanation w'ould at all 
events account for the ready manner in which yeast germs are 
carried about by the air. 

Schlos.sbergea* and many otlicr chemists have d(^t(n*miiicd the? 
chemical compo.sition of yeast. Schlossborger gives tho mean 
of two analyses as follows [the elementary composition after 
removal of ash] : — 

Surface Yoast. Sodimontary Yeahl. 


Carbon, . 

49*9 

48 0 

Hydrogen, 

no 

(>*5 

^Nitrogen, 

12*1 

9*8 

Oxygen, 

31*4 

35*7 

[Ash, . 

2*5 

3*5] 


' The ultimate principh*s contained in yeast appear to be, 
certain albuminoid substances, tyrosine, leucine [neuclein?], 
cellulose, and some other hydro-carbons, but the matter is not 
yet fully worked out. 

The ash of yeast has been analysed by Mitscherlich, and 
Schutzenberger arranges his analyses as follows : — 
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Surfai'H^ Yea.o.. 

Sodiment Yeast. 

rhoajihoric iicil. 

41-8 

39 5 

I'otash, ..... 

39-8 

28*3 

Soda, ...... 


... 

Alngnosium Phos[>hate 

Hi ‘8 

22 S 

(.•alciuiji lliosphatc (Cao 2 P 04 ), . 

*2;; 

9 7 


Tlio researches of Ergol, llees, Pasteur, and others have 
shown that tliere ai (^ a i^reat variety of alcoholic ferments : tlie 
wiiio ferment is distinct in size and shape from the boer-ycast 
ferment; while tlie feirment of fruit-juice, again, differs in tlie 
figure of ils c(dls from eith<n’ ; and to the various aleolioiic 
ferments names have Ixaui c.tj.^SaccJi(iroftiycffi< elliisohlGua^ 

aS'. fij'hjuus^ S. conf/hnieraCuii, S. apiciilattjs, ive. All of them, 
however, are of (juite tlie same geiioral tv])e as yoast fcrnieni;. 

§ ‘ioo. Wlieu li<juids become sour, ro|«y, or jmtrid, lu each 
case the ehango lias been produced by a particular ferment. 
^Jdie lactir acid fer/uenf, e.g., dccom 2 )Oses sugar into lactic acid ; 
the hiUi/ric acid fennent attacks fatty matters, and separat(’S in 
a froi; stater butyric acid ; and putrid fci nicidti^ by tlieir avidity 
for oxygen, split up complex organic matters into a variety of 
substances. Of these ferments, the most important in j 

rtrfm enecr to beer is the lactic acid fermmit. In normal \ j 
aleolmlic fermeutatioii, M. Pasteur has [iroved tJiat there is 
is not the smallest ]>roduetioii of lactic acid, and when | 
tills does appear, it is certain that it lias originated ; 
in and contamiiiatc'd tho yeast used. These ferments | 
can be recognised by tlio microscope, and they should ' 
be looked for generally in tlie sediment. For the pur[>ose 
of e(>l](?ciing tJie sediment of beers, wines, watei*, ite., tho j 
author has devised the following tube (hg. 13). Tlie tube is 
of the capaeity of a litre, and at the lower end is conical ^ 
and op<‘n ; on to this conical end is ground a glass cayv, C, 
w hich is in jioiut of fact a shallow cell about an inch in 
dejith ; P is a glass rod, the cud of which tits easily into ' 
the narrow^ ])art of the tube, and is ground so as to make 
a p<jrfect joint, Tlie use of the tube is as follows : — 

Tho liquid under examination is placed in the tube 
closed by the cap, and the plunger P is removed ; wdien 
the sediment has all collected in C, the plunger is very 
slowly and eavefiilly inserted, so as to stopper the lower 
end of the tube; the caj) may then be removed for micro- 
scopical examination. Fig. 43. 

Fig. 44 is a representation, after Pasteur, of the ferments 
which characterise sour or turned beer. 
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Fi-. 4h 


]. Tiiriietl beer — fib'iinciits simple or articulated into chains of dilferoiit 
size ; <Uamctcr inch. 

•J. Ijactio ferments of beer and w’ort — small, lino, and conti’actoil in tlio 
middle ; diameter a little i^rcater than No. 1. 
vl. Ferments of piitn<l wort and beer -luolnlc tilaments L^cnerally,' which 
appear at the cornmencenient of fermentation when it is slow ; invari- 
ably the residt of defective workinJ^^ 

4. Feriiient.s of riscoif^ woi t and ropy beer, rare. 

T). i^uni^ent sour beer with acetic odour — chaplets of Mt/coderrna (iCf ti. 
b. A wort dejjosit. 

7. lleer of a pevuliar acidity ~ having a detestable taste and smell, generally 
found 'w ith Xo 1, but more to be feared than \o. 1. 


liEKR. 


§ 254. TJie most accurate dofinition of beer, as browed in the 
present day, Ls ti)at of a fermented .saccliarino infusion, to wliich 
has been added a wjiolesorne bitter. The chief constituents of 
beer, stouts, and porters, are — 


.( 1 ) 

( 2 .) 

(3.) 

(4.) Malt extract, 


Distilled water is never used in brewing. 


Water containing in solution (according to its origin) 
various salts, 

Alcohol. 

Carbonic and acetic acids. 

Malt, sugar, dextrine, albuminous con- 
stituents, and ash. 


I M 
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(5.) Bittor principles, occasionally tlerivetl solely from the hop, 
blit v(jry commonly supplemented by so-called hop 
substitutes.'* Samples of the latter examined by the 
author all contained quassia," and portions of the 
following ]>lants were identified — Calunibu, chivata, 
gemtian, and wormwood. 

(0.) The ash derived from the watiu*, the malt, and the bitters. 

To these must be added volatile and essential oils, vegetable 
grlatine, glucinic acid derived from the sugars, lactic acid, and, in 
porters, caramel ami assamar. 

The giineral composition of the chief ingredients of beer may 
b(? gathered from tlio following table, taken from Mr. Watts' 
Dictionary : - - 

TAI'.JJ: XXWI.— SPfX’IAb EXAMIXATIOX of CEUTAIX EFEH.S. 


N'jliilr v.(t' CnT. 


1 rortor, liaivlay A } 

j PorUins, . . . . \ 

i J.eiulen Poi tor, 
j ,, ,, Berlin, . 

I Burton Ale, .... 

; Scdtol) -\lo, Ediiibnrgli, . 

Ale, P^orlin, .... 
BriisseLs bainlnelv, . . . 

,, Faro, . . . ; 

Salvat»)r Bier, Mimieli, . 

.Bocl\ Bier, ,, . . j 

Ijavarian Draught Beer ( i 
i (Schenk Bier, Munich), . S ] 
Bavarian Store Beer (Lager ) ;■ 
Bier, Munich, 10 months^; 

old) .) 

Bavarian Store Beer, Munich, 

,, Draught Beer, Bnms^vick, 
Bavarian Beer (Waldschliisscheu) 
Prague Draught Boer, . 

,, Town lleer (Stailt Bier), 
Sweet l^eer, Brim 8 wick, 

Josty’s Beer, Berlin, 

W'erder’s Brown Beer, Berlin, 
White Beer, Berlin, 

Biere Blanche de Louvain, 
Peterman (F^uvain), 



(»'0 ; 0*4 i O il) i 8S*44 Kaiser. 


G*S i O'O I ... SCrli ■ Balling. ! 

5*9 I 4*7 i 0‘;i7 S9 () ; ;^iurek. 

14*5 . r>’9 I ... 7i)*(> i JFofijuaiin. 

10 !) ; 8*5 I 015 80-45 . Kaiser. 

0*8 i 7 0 ; 0 17 85*93 : Ziurek. 

3*4 j 5*5 j 0*2 90'90 | Kaiser. 

2 -9 I 4 -9 ! 0-2 92-00 ; 

9*4 } 4 -0 OIS 85-85! 

9-2 j 4 -2 017 80-49 I 

5 S i 3-S 0-14 90-2G 

I 

5 0 i 5*1 0-15 89-75 

i • 

3-9 ; 4-3 O-IG 91 *04 1 

5*4 I 3-5 ... 91*1 I Otto. 

4*8 i 3-G 91*5 i Fischer. 

G*9 I 2-4 ... 90-7 .Balling. 

10-9 I 3*9 ... 85*2 I 

14*0 I 1-3G ... 84*7 iOtto. 

2*6 i 2*G 0*5 94*3 | Ziurek. 

3*1 i 2-3 0*3 94*2 i 

5*7 i 1*9 0-6 91*8 I 

3*0 j 4*0 ... 93*0 Le Cambre. 

4*0 ! C*5 ... 89*5 
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The composition of beers, as a whole, varies in some degree 
according to the kind of ale or beer, according to the method of 
manufixctuve, and according to its age and preservation. 

Pale Ale should bo made from the hnest and highest dried 
malt and the choicest liojis, the bitter being in excess. 

J/lltl Ale is a sweet, rather strong beer. Table beer is rarely 
sold — it is a weak watery ale. 

Porter, as drunk iji tlie metropolis, is a rather weak malt- 
liquor, coloured and jlavourcd with roasttal malt. Stout is a 
richer and stronger description of porter. 

Tlie Germati Beers generally an? fermentf'd T)y sedimentary 
yeast, and are always, by reason of tho after fcrnKmtation 

NaGhjiihrinuj^), well charged with carbon dioxide. The lager, 
summer, bock, or export lasers arc separated from the winter beers 
only by the former being ])rewcd from a viclier wort, and contain- 
ing more alcohol, as well as a greater percentage of malt extract. 

Bavarian Jleers in some degree derive their pc^cuJiai' (jualiti^^s 
from formeutiition at a low tempei‘ature. Tht‘y seldom contain 
more than two per oc^nt. of alcohol, arc; only sliglitly bittcred, 
have a line aroma, and a iTeculiar tlavour, said to bo due to the 
solution of a minute* fraction of the resinous matters used to 
caulk the casks. 

Lamhick and Faro Briars arc made; witii nmnaltod wlieat and 
barley malt. In fermentation the woi*t is self-imprcjgnatcd, the* 
process sometimes taking months, and l)cing mostly of a bottom 
character. The beer contains a large* cpianfity of lactic acml, and 
is very hard in conseciuoncc;. 

Of the constituents of beer, it will be nc^eexssary to notice fully 
the water, tlie malt extract, the bitters, and tlui ash. 

§ 255. Tiie vKiter used hy the hrewer is mainly interesting to tin* 
analyst on account of tha common salt held in solution, since 
in ]>rosecntioiis for tlie addition of salt the defence generally is, 
that the latter is a natural component of the beer. Thus, Dr. 
Bottinger’s analysis of the coustituents of the water used at 
Messrs. Allsop|fs brewery is as follows : — 


Per Gallon. 


Chloride of sodium. . . , . . . 10 12 

Sulphate of potash, 7 '65 

,, lime, 18*96 

,, magnesia, 0*95 

M Carbonate of lime, . ' 15 51 

,, magnesia, 1*70 

,, iron, ...... 0*(i() 

Silica 0*79 


65'28 
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Messrs. Bass ainl (Jo.’s water (accoriUng to an old analysis of 
Cooper) contains chlorine equal to a little over 10 grains of 
coiniuon salt per gallon, and all published analyses of water used 
in breweries give quantities of salt under 14 grains per gallon. 
However, since breweries, as a rule, use liard s))i*ing water, it is 
<|iuto ])ossibl(j for the Avater in particular localities to contain a 
much larger percentage of salt than the quantity mentioned 
above. 

§ UoG. Malt E.niract . — The coiistituents of barley and also of 
malt are given in the following table ; but of these it is the ash 
alone which will remain, comparatively .speaking, unchanged; 
for by the action of mashing a very large portion of the dextrine 
and starch becomes changed into sugar. 


TABLE XXXVII. — Composition of B.vklev ano Malt. 


1’arlt‘y. Mxilt. 


Produce of torrefactioii, 
Dextrine, 

Starch, . 

Sugar, . 

Cciliilose, 

Allmmiiioiis substauoes, 
Fatty substances, . 
Ash, &,c.. 


Air-dried, i 

.\ir-(Iried 

0*0 

0*0 

5 0 

8 0 

07 0 

58*1 

0*0 

0-5 

9 0 

14-4 

12*1 ! 

13*0 

20 1 

* J ’2 

31 i 

3-2 

100*0 

1000 


IvilTidried, 

pale. 

1 Kiln-dried, 

1 amber. 

7*8 

14*0 

0*6 

10*2 

5 S ’0 

47 0 

0*7 

0 0 

10-8 

11 '5 

10 4 

10*5 

‘ 2-4 

2 0 

2*7 

2*7 

100 0 

1 1000 


Barh^y contains dextrine, starch, albuminous substances, and 
a small quantity of fat, together with cellulose, and the ordinary 
saline constituents of seeds. Malt, varying a little in composition 
-according to the heat of the final operations of the maltster, 
dilfers from barley in containing a small quantity of sugar 
(derived from transformation of a |}ortion of the starch), rather 
more dextrine, and altogether less organic matter, the lo^ on 
malting being usually represented as — 
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Water, 

(5*00 

Saline matter, 

0*48 

Organic matter, 

12*52 


19 00 


in 100 per cent, barley. 

The constituents of barley are thus given by Oudemann : — 


Dried Barley. 


Starch, 0.5*7 

Dextrine, 5*5 


Oluten insoluble in water, soluble in alcohol, . 0‘.3 

Soluble albumiuoiis bodies coagulable by heat, . 0*3 

,, ,, not coagulable, . . 1*0 

Albuminous bodies insoluble in water or in alcohol, 9 *.3 


Fatty substances, *2*5 

Cellulose, '9*4 

Ash, .3*1 

Lime, &c., ‘2*0 


According to Thomson, the following is the relative com- 
position of the ash of malt and barley: — 



Uarlcy. 

Mult. 

Potash, 

16*00 

14*54 

Soda, .... 

8*86 

0*08 

Lime, .... 

3 2.3 

3*89 

^Magnesia, 

4*30 

9*82 

Ferric oxide, 

0*83 

1*59 

Phosphoric acid, PoO,* 

36*80 

.35*34 

Sulphuric acid, {SO»), . 

. . 0*16 

0*0 

Chlorine, 

0*15 

Trace. 

Silica, . . * . 

29*07 

28*74 


Valentine and O’Sullivan have recently disputed the correct- 
ness of Oudemanii’s and the older analyses in the following 
points: — Oudemann iinds from 5 to 8 per cent, of dextrine, Mr. 
O’Sullivan no dextrine at all; the small j)erccntages of sugar 
generally quoted — viz., up to 1*0 per cent., Mr. O’Sullivan gives 
at from IG to 20 per cent.; and the authors have compiled the 
following table, stating that eacli item has been estimated 
directly, and not by difference : — 
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Composition of Pale Malt. 


Starch, ..... 
Other cai*bo-liy<lrates (of which 
60 to 70 per i^ent. consist 
of fermentable sugars), 
luuliu (Y), and a "small 
(piantity of other bodie.s 
soluble in coJil water, 
Cellular matter, 

Fat, 

Albuminoids- 

(<f.) Solul)le ill alcohol of 
s]ieciiic gravity *820, 
and ill cold water, 

(/y.) Solubic in cold water 
and at 08”, 

(c. ) 1 nsolublc in cold water, 
but soluble at 68*^ to 
70- .... 

insoluble at OS- to 
70-, but soluble in 
cold w'ater (albumen 
proper), 

Insoluble in cold w'ater 
ami at 70-, 


(</.) 


0 ^) 


* 0:1 


237 


•48 


<>*3S 


(1.) 

44-15 


21-23 

11-57 

J *65 


'46 

3-12 

1*30 


Ash, 

Water, 


13*00 

2*(>0 

5*83 


4513 


19-39 

10*09 

IOC 


3.3*80 

1*92 

7*47 


100*12 99*70 


§ 257. The Gohwrimj-MatUrs of Malt , — Tlie colouring-matter 
of malt has been investigated by Sorby, and examined 
spectroscopically. The colour is of an orange yellow, and 
may be obtained from tlu^ hot Avater extract of malt, after 
having got rid of as much sugar and gum as possible. 
Ammonia colours it a deeper yellow, so does 50 per cent, 
sulphuric acid. There is no distinctive spectrum. A sjiecial 
test is to add citric acid to a watery or alcoholic solution, and 
then sodic hypocldoritc. The watery solution under these cir- 
eumstanc( 3 s becomes flesh- coloured, turbid, and after a time 
precipitates. The spectrum, according to Sorby, is moderately 
dark from T) J E to F J G, cleaver fi'om there to F G, then 
moderately dark without estimable narrow bands ; but in alcoholic 
solution, the solution remains clear, and there is a well-marked 
baud at the yellow end of the green, Avhich is at 4| of Sorby s 
scale (that is, between D J E to D E); if the colour is di'cpt^r 
the band is more evident, and goes to D 5 - E, Tliese appearances 
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are so characteristic that the oolonriiig of malt in complex 
mixtures can be discovered by them. In barley the colour 
does not exist. 

The carbonised or high-dried malt, used to colour porters and 
dark beers, contains at least two colouring-matters diflereiit 
from that just described. The one is orange-yellow, soluble in 
water and strong alcoliol; it gives no desh-coloured precipitate 
with sodic liyjiochlorite and citric acid, nor does it (like the 
hop colouring-matters) darken by oxidising agents; it is there- 
fore probably a caramel. The other substance may be separated 
as follows: — The beer is evaporated to a small bulk, and preci- 
pitated by alcohol; the colour is thrown down, mixed with 
gum, and by rcdissolving and rejirecipitating it can ultimately 
be obtained nearly pure. In aqueous solution it gives an 
oi*ange-brown spectrum, which is very slightly shaded from 1) 
J E, moderately dark to E and ^ C, after that very dark. 

A sugar, ‘‘maltose,*’ is obtained by the action of malt extract 
on starch; it has a specific rotatory powen* of -f 150^^. The 
behaviour of maltose to Fehling’s solution, and its method of 
estimation, is described at p. 116. It forms a hard, white, 
crystalline mass, consisting of needles, which lose their water 
in a current of air at 100'^. 

§ 258. Beer Bittent. — Boer, bittered l>y the hop alone, when 
precipitated by acetate of lead, filtered, and the excess of lead 
removed by hydric sulphide, gives a filtrate destitute of bitt(?r 
taste; while, on the contrary, if it lias a bitter taste, some 
bitter other than hop lias been used. Whether such bitter is 
an adulteration or not, will depend altogether on the nature of 
the substance added; for since the r(?peal of the hop duty in 
1862, and the consequent return of the trade to other bitters, 
anything harmless in the way of a bitter is perfectly legal. If, 
however, such poisons as picric acid, picrotoxin, or colchicine, 
should be found, there can be no dilftrence of opinion as to the 
course the analyst should pursue. 

With regard to these, picric acid lias certainly been discovered, 
and picrotoxin is strongly suspected, but as yet the latter has 
not been proved to be a common adulterant. Tlie so-called 
discovery of colchicine in beer appears to have been throughout 
a mistake. A sample of beer of unknown origin was found to 
contain a Tiitter amorphous substance, soluble in water and 
alcohol, and cajiable of separation from its acid watery solution 
by either chloroform or ether. Nitric acid of 1’48 dissolved it 
with a fine reddish colour, and a mixture of nitric and sulphuric 
acids turned it rose-red. H. Van Goldern* finds that the body 
. * Arch. Pharm.f 3, ix. 32. 
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which gives these recactions originates in the hop, and that the 
reactions arc only produced in the presence of gelatine; and 
further, that a mixture of unadulterated hops and gelatine gives 
all the reactions of colchicine. This observation is quite as 
important to the toxicologist as to the food analyst.^*' 

§ 259. Hops , — Hops are the catkins of the Huniulus lupulus, and 
consist of imbricated scahjs enclosing the so-called nut. The 
scales themselves arc covered with aromatic superficial glands, 
which are designated “y^ellow powder, or lupulin. Freed as 
far as possible from the lupulinic giains, the scales consist of 
astringent matter, chlorophyll, gum, colouring-matter, and ash. 
T])o lupulin itself, according to I)r. Yves, contains the following 
niatt(a-.s : — 


V^ilatilc Oil, ...... . ? 

Tannin, ........ 4*1G 

Extractive, ....... 8*S3 

Bitter principle. ...... 9*1(5 

Wax, . . • 10*00 

Resin 150 *00 

Lignin, 8S*33 

Jjoss, *02 


100*00 

Til is analysis does not include the oil of hop.s, which is a very 
important constituent of tlie liop, and may bo obtained by’* dis- 
tilling the fresh fiowers or the lupulin. 

The resin and bitter principle of the hop are to the brewer the 
most important constituents, its commercial value being directly 
dependent on them. According to some recent analyses made 
by Mr. Porter, the substances capable of solution in ether (viz., 
the oil, resin, and bitter principle) vary in difterent samples 
from 8*8 to a little over 17 per cent.t 

Lnpidite, or trua lAipidia (a substance isolated by Lermer in 
18G3), can be obtained in rhombic prisms by treating fresh hops 
Avith four times their weight of ether, distilling the ether ofi*, 
then adding to the extract alcohol of 90 per cent, (which leaves 
the wax undissolved), and again taking up the alcoholic extract 
with ether. The ethereal .solution is repeatedly shaken with 
strong potash-lye to get rid of the rosin, and lastly with pure 

Plioat)ho-molybclic acid gives a thkJc yellow precipitate with lupniine. 
On adding ammonia, and placing in a watch-glass, the precipitate becomes 
surrounded by a blue zone. Colchicine behaves in a similar way. — Zeitschrifi 
fur AnalyL Ckemie, 1880, p. 100. 

f On the Examination of Hops, by W. E. Porter, F.C.S. Analy^^ 
August, 1877 ; January, 1878. 
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water to take up the bitter matter. It is precipitated from the 
aqueous solution by sulphate of copper, the composition of the 
precipitate being CjgH250u04; and crystals are obtained by dis- 
solving the precipitate in ether, decomposing with SH^,, and 
evaporating the etliereal filtrate in a stream of carbonic acid 
gas. 

A principle very bittoi', but not crystalline, can also be obtained 
by adding to the aqueous extract of tlu^ lupuiin grains a little 
lime, and then treating with alcohol. The solution is to bo 
evaporated, tlie mass treated with water, and the solution again 
evapoi*atcd to dryness. On washing this residue with ether, a 
wliite uncrystallisable, bitter principle — solubh* in 20 parts of 
water, very soluble in alcohol, and but slightly so in ether — is 
obtained ; it is probably a derivative of Lermer^s lupulitc. 

Lei'Quer^s Liipidite cryataUisos in glittering, rliombio, brittle 
prisms, tasteless in theniseiv'os, but with a w'vy bitter flavour, 
and an acid reaction when dissolved in ah^ohol. '^fhey are 
insoluble in water, but dissolve t>asih^ in alcohol, ether, chloro- 
form, bisulphide of carbon, benzole, and turpentine; exposed to 
the air, they soon become yellow and partly amorphous. 


TAIlLTi: XXXVHL— CONSTITUENTS OF THE ASH OF HOP CONKS. 



; Way and 0<!.stov. 

i 

; E. Wattm. 


T?piul<»y 

Oi)iainK 

(■irnj>e 

i 

Grape 


[ \ari»iiy. 

Vnriety. 

Variety. 

j Variety. 

Potash 

1 1 -98 

; 24*88 

.25*66 

19*41 

Soda, .... 

... 


... 

0*70 

Lime, .... 

17*1)3 

1 21 -59 

18*47 

14*15 

Mairnesia, 

5*94 

1 4*69 

5 *27 

r>:i4 

Alumiua, 

... 

* ... - 


1*18 

Ferric Oxide, . 

1*86 

I *73 

J*4J 

2*71 

Sulphuric Acid, 

7*01 

7*27 

U*68 

8*28 

Chlorine, 

... 

... 


2*26 

Silica 

22*97 ' 

' 19*71 

9*99 

j 17*88 

Carbonic Acid, 

5*44 

2*17 

4*54 

! 11*01 

Phosphoric Acid, 

i 21*38 

14*47 

17*68 

1 14*64 

Chloride of Potassium, . 

5*45 


4*34 


,, Sodium, 

... 

3*42 

0*12 i 

• • • 

Charcoal and Loss, . 

1 

... 

1 

... 1 

... 1 

2*44 


99*96 

99*96 

98*96 j 

100*00 

Ash per cent, of Dry Hops, 

8*07 

5*96 

7-21 ! 


>» Fresh ,, 

7*27 

5*22 

0*22 i 

6*5 


I 
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The ash of the hop differs but little from tlie ashes of foliar 
organs generally, the relative proportion of each constituent 
varying witliin somewhat wide limits, according to the particular 
variety. (See accompanying table.) 

Oil of Hops, according to the rescjarclies of Wagner, consists 
chiefly of an oxygen-liolding oil, containing in solution 

a camphor boiling at 175^ The specitic gravity of the oil itself 
is 0*9G8. It begins to boil at 125 ', and successive portions can 
]>c scjparated by fractional distillation, tli(‘ last passing over at 
2;15"; ono-sixtli distils over between 125" and 175^", and is 
of a pale colour and quite clear; about lialf passes over between 
175 ' and 225% and is also very clear ; but the remainder is 
yellow, and the residue in the retort has tlie aj)pearance of a 
brown turpentine. 

Tlie crude oil is brownish-yellow, and very sparingly soluble 
in water, one ])art requiring more tliaii GOO times its weight for 
complete solution. It does not contain suljdnir, as previously 
assorted by Pay<ui and Chevallier, nor does it reduce ammoniacal 
solution of silver. Oxidation by nitric acid in-odiices valerianic 
acid and a yellow acid resin ; if drojiped on melted caustic potasli, 
valerianate, cai-bonate of potash, and a hydi'ocarbon are the 
1 ‘osults. The oil ajipcav.s to be neither narcotic nor poisonous, 
twenty drops having had no action whatever on a kitten (If*. 
Keif); but tlio wonderful preservati \'e properties ascribed to it 
by older writers are very problematical. 

M. Isshnb has recently made a careful examination of the 
bitter principles of tlio hop. Ilis method of separation was to 
extract with cold Avater, and then to treat the cold extract with 
animal charcoal, f^xhaustiiig tlie latter after drying with 90 per 
cent, alcohol. This gave a yellow solution, from which a brown 
resin was precipitated on concentration, leaving in solution the 
bitter princii)le and another substance (C). The bitter may be 
removed by ether, and is pale yellow, amorphous, non-nitrogenous, 
and slightly acid, and is dissolved by alkali(\s with the production 
of a fine 3 'ellow colour. He ascribes to it the composition of 
and states that it -splits up under the influence of 
sulphuric acid, thus- 

Bitter Principle. Lupuliretiii. Lupulic Aeiti. 

2C29H4CO10 + .‘UIjO ■{ C40II82O19 

The resin has the composition of and is presumed 

to be formed by the oxidation of oil of hops ; lastly, the substance 
C is considered to bo an oxidation product of tbe oil of hops, and 
has the composition of 

* Arch, Pharm., [3],16,345-3G:l ; Jonrn. Cham. Soc., March, 1881. 
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A few other bitter principles, some of 'wliioh have actually 
been found, and the remainder are supposed to exist, may be 
now conveniently described, (For Picrotoxin and Cohhicine the 
reader is referred to the second volume of this work.)* 

§ 260. Ahsynthln, — The bitter principle of worm- 
wood, A It may be extracted from the hot 

aqueous extract of w'ormwood by precipitation with tannic acid, 
evaporating the tannate to dryness with oxide of lead, and. 
extracting the dried residue by alcohol, and subsecpient purifica- 
tion with animal charcoal. Absynthin dissolves easily in alcohol 
and ether, with difliculty in hot water, and is scarcely soluble in 
cold. Wlien obtained from alcoholic solution it is usually in tlie 
form of pale-yellow dro]is, which gradually bt^coinc crystalline ] it 
has a peculiar odour and extremely bitter taste, and its reaction is 
neutral. It reduces a hot ammoniacal solution of silver nitrate, 
but an alkaline tartmto of copper solution remains uncbaiiged. 
by it. It is dissolved by caustic potash witli the jjroductioii of 
a brown colour. Concentrated sulphuric acid produces first a 
brown colour, ])assing into a green-blue ; as waten* is added, tin? 
colour becomes darker, until grey flocciileiit particles are sepa- 
I'ated. Boiling with dilute acids i)roduces resinous products, 
but no sugar. 

The bitter j)rinci[)le, according to some observers, is a direct 
cerebral excitant ; according to others, a pure tonic. It is used 
occasionally in medicine, in dose.s from \ grain to 2 grains, and 
the lierb 2 >rodncing it is officinal in tlie Continental idjarma- 
coj)ceias.t 

§261. Aloia — (Tilden), (Stenhouse), 

{E. Schmidt) — may be obtained by treating aloes with 
<lilute sulphuric acid, removing the deposit of resin, and eva))or- 
ating to a syru]). Tlie crystals thus obtained are. yellow ueedli?s, 
soluble in water and alcohol, and possessing a bitter taste. The 
amount of crystallisation water varies from 5*80 to 14*20 |>er 


* Bibliography. 

Lermek — Dlngl, Poly tech. Journ., clxix. 54; Viertdj. Praef. Pharm.y, 
xii. 505. 

Parehia’s “ Materia Medica.” 

Husemanx. — “ Die Pflanzeustoffe,” &c. 

Pa YEN and Chevallier. — Journ. Pfurrm., [2], viii. 214, 555. 

Iverson NE,—*/oMnj. Pharm.^ b^], xxvj. 24 J, 320; xxvj. 22. 
t K ROM AYER. — Arch. Pharm.^ [5], cviii. 129. 

LEONARDi.-^Osservazioni ed C8x>erienze del Dott. Lupis S 02 )ra la virtiV 
antifebrile dell estratto amarissimo d’assenzio, &c. Milano, 1828. 

Luck. — Ann. Chem. Pharm.f liv. 112; Ixxviii. 87. 

RiCiiiiNT. — Journ. Chim. xix. 383; Jonrn. Chim. Med.. 2c acr.^ 

ix. 383. 



§ 262.] liEEU : OTHER BlTTEk PRINCIPLES EMPLOYED. 40{> 

cent. ; if anhydrous, the melting point of the crystals is from 70'^ 
to 80“ [14G"'to 148*^^] ; if hydrous, sulphuric acid colours it first 
red, then orange, and it is dissolved by caustic potash with the 
production of a j)urple-red colour. Tlie action of nitric acid pro- 
duces chrysaiiimic, ])icric, and oxalic acids, with the addition of 
carbonic anhydride? ; that of zinc dust, methylanthracene and 
anthraquinone, 

§ 2G2. Cniciuy was discovered by Nativelle in the 

leaves of the Cnicus hened ictus ; it is found also in the Centaurea 
calcitrapay and in other composite plants. It forms transparent 
.silky crystals, neutral, without smell, of very bitter taste, melt- 
ing at a high tempei ature, but not subliming. Its solution turns 
the plane of polarisation to the light [ft] r — 1 30"C8. 1 1 is scarcely 

soluble in cold water, more so in boiling, soluble in all proportions 
in alcohol ami wood spirit, almost insoluble in ether. Cold 
sulphuric acid gives with cnicin a red solution, becoming violet 
on the addition of water, and yellow on the addition of ammonia. 
Cold concentrated hydrochloric acid dissolves it with tlie produc- 
tion of a green colour; on heating, brown drops separate, whicli 
solidify into a yellow resin. t 

§ 2G3. Daphnia, a crystalline principle discovered 

by Vauquelin, 1817, in the bark of the Daphne alpiaa, L., and />. 
Niezereumy L. It forms long rectangular j)risms, or line needh'.s, 
and crystallises 'with four atoms of water. Its reaction is neutral, 
its taste bitter. When anhydrous it melts at about 200"^ to a 
colourless fluid, which again becomes crystalline on cooling ; if 
the heat is continued, it .sublimes as daphnetin, I his 

substance presents itself in fine, colourless, iliombic prisms, melt- 
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Bessaiones and Chautard.— J bidrn, Pharm., [3], xxi. 26. 

Husem ANN. — “ Die PHanzenstolFe. ” Berlin, 1871. 

Nativelle.-— « 7<mra. Ckim, Mfd., xxi. 69. 

Scribe.— Bend., xv. 802. 
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ing about 250 ; it has a bitter taste, ^s^ith a weak acid reaction, 
and is easily soltible in boiling water, with the production of a 
yellow colour ; it dissolves also in boiling alcohol, but is very 
little soluble in ether. 

Daplmin dissolves sliglitly in cold waiter, easily in liot ; it is 
also very soluble in hot alcohol, but is not dissolved at all by 
ether. In solutions of the caustic and the carbonated alkalies it 
dissolves with the production of a yellow colour - and is also easily 
soluble in acetic acid. On boiling with a dilute achl, dt^dinin 
breaks up into dajihnetin and sugar, and emulsin and fermenta- 
tion with yeast have a similar eliect. An aqueous solution of 
chloride of iron produces, when cold, a blue colour, and if the 
liquid is boiled, a dark yellow precipitate. Nitric acid colours 
it red.* 

§ 2G4. Gentianin, discovered by Henry and Caventou 

in 1821, but first prepared pure by Troiumsdovir, is found, like 
gentiopierin, in the root: of the Gentiana lulea^ L. It forms long, 
pale-yellow, silky needles, without smell or taste, wdiich may 
be sublimed above dOO' without decomposition. Its solubility, 
according to Leconte, is as follows : — 1 part requires of cold 
water 5000 parts, of boiling 3850 parts ; of cold absolute alcohol 
455 parts, of boiling G2'5 parts ; of cold ether 2000 parts, 
for solution. Concentrated sulphuric ‘acid dissolves it with a 
3 '<dlow colour; on dilution with water it scj)ai*ates unchanged; on 
being boiled with dilute sulphuric acid there is no change. If 
treated with pure nitric acid (1*43 specific gravity), a dark-green 
solution is obtain e<l, and on adding water carefully dinitro- 
geiitianin, C^^HgfNO.OoOr, IL,0 separates out as a green powder. 
If similarly treated with strong nitric acid, and subsequent addi- 
tion of water to the solution, yellow microscopical prisms are 
separated, ijrobably trinitro-gerdianin, Gentianin reduces nitrate 
of silver.f 

§ 265. Gentiopierin, C.^oILjo^ri? prepared pure by Kromayer 
in 1862, is a ghicoside found in the fresh root of the Gentiana 
IrUea, It crystallises in colourless needles, with one atom of water 

* Bihliography. 

Gmelin and Bau. — Schtveigg. Jourti., xxxv. 1. 

Husemann. — ‘ ‘ Die Pfianzcnstoirc, ” Berlin, 1871. 

IlocuLEDER. — Journ. Bract, Chern,, xo. 442. 

Vauquelin. — Ann. Chim., Ixxxiv. 174. 

ZwENGER. — A nn. Chem. Phann., exv. 1. 
t Baumert, — Ann, Chem. Pharm., Ixii. 106. 

Henry and Caventou.— Pharm. [2]; vij. 173. 

Husemann. — ‘ * Die Pflanzenstoife. *' Berlin 1871. 

Leconte, — Journ. Pharm., [2], xxiii. 405. 

Troijimsdorff.— ilww. Chem. Pharm., xxi. 134, • 



411 


§ 2G6.] BEER : OTHER BITTER PRINCIPLES EMPLOYED. 

of crystallisation. The crystals effloresce in the air, and lose 
their transparency, becoming white and opaque. The anhydrous 
crystals melt between 120® and 125® to a brown fluid, which 
coagulates amorphously, and at higher temperatures is fully 
destroyed. Water dissolves it easily, but it is insoluble in 
absolute alcohol and in other, though, on the other hand, weak 
alcohol is an excellent solvent for it. One of the best tests for 
its presence is the action of concentrated sulphuric acid, giving 
ill the cohl a colourless solution, but producing with slight warm> 
iiig a carmine-red colour, and precipitating on the addition of 
watei* in grey flocks. It reduces an aminoniacal solution of silver 
nitrate, aiul in boiling with dilute sulphuric acid splits up into 
sugar aud gentiogenin. 

Gentiogenin^ is an amorphous, j’^cllow-brown powder, 

of JKJutral reaction and bitter taste, not (jasily soluble in cold 
Avater, but dissolving readily in Jilcohol and etlier.* 

§ 26G. Menyaiithln^ ^ glu coside obtained pure by 
Ludwig and K.roniayer in 1801, from the Mmyanthes Infoliata^ L. 
As hitherto prepared, menyanthin is an amorphous, tel-ebiii- 
thinate mass, becoming slowly solid on drying over sulphuric 
acid. It has a neutral reaction, and its taste is strongly and 
purely bitter. It softens at GO® to C5'\ and molts at 10® to 15® 
to a thin, clear fluid, wliich again solidifies to a hard transparent 
mass ; by strongoi' heating it is entirely destroyed. Concen- 
trated sulplmric acid gives with it a yellow-brown colour, which 
on standing becomes violet-red, and grey flocks are separated on 
the addition of water, Ly heating Avitli dilute sulphuric acid it 
splits up into sugar and meiiyanthol. 

Menyanihol is an oil liaAdng an acid reaction, and an odour 
like that of oil of almonds ; it is changed by the air (as well as 
by melting with potash) into a crystalline acid capable of being 
sublimed.t 

§ 267. Quassiin, a bitter principle, discovered in 1835 

by Winckler, in the bark of the Quassia aniaray L., and Picrcena 
excehaf L. It forms wl)ite, opaque, glittering crystals, Avithout 
odour, and of extremely bitter taste. On lieating, it melts and 
solidifles as a transpai*ent yellow mass ; at decomposition tem- 
peratures it burns like resin, if exposed to the air. Tannic acid 
precipitates it from an alcoholic solution in tliick, white flocks; 

* Bibliography. 

Husemann. — “D ie Fflauzeiistoffe.” 

K ROM AYER. — Arch. Pharm. [2], cx. 27. 
t Huskmann. — D ie Pflanssenstoii^ Berlin, 1S71. 

Kromayer. — A7'ch. Pharmi, f2J, carxir. 37. 

LiTBwio'and Kkomaykr, — Arch. Pharm. [2], cviii. 263. 
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cold concentmted sulphuric acid dissolves it, without the pro- 
duction of colour; and on dilution with water it is a 2 )parently 
precipitated without change.* 

§ 2G8. The Ash of Beer , — The ash of boor contains the mineral 
constituents that jireviously existed jiartly in the water, partly 
in the ho]), and }>artly in tho malt used. It would apj^eav that 
the ferric oxide, a certain proportion of jdiosphoric acid, a small 
portion of the lime and magnesia, with a great part of tho silica, 
remain undissolved, and do not pass into the boor ; the rest 
arc dissolved. 

Tho following table gives the average comi>osition of tlie beer 
ash of commerce : — 

llrff AsJi. 


Potash, 

fScnla, ........ S’Ot 

Lime, ........ 1 Vli 

Magnesia, . . . . . . aol 

Iron oxide, ....... traces 

Sulphuric acid, ....... I *44 

Phosphoric acid, ...... 32 '(H> 

(.-■hlorine, . . . . . . 2 IH 

Silica, 10 H > 


The table on next page may bo also useful, showing analyses 
of asJi ])y Walz and Dickson (“ Dictionary of (.‘luMnistry, Arts, 
and Afanufactures,” edited by Vincent). 

§ 2G9. A7ial^s?s of Beer. —The oi*dinary full analysis of beer 
determines — 

(1.) The alcohol. 

(2.) The carbonic acid. 

(3.) The volatile and ti.ved acids. 

(4.) The jiercentage of malt extract, and, if necessary, its com- 
position. 

(5.) The hop resin and glycerine. 

(6.) The nature of tlic bitter used. 

(7.) The general coini^osition of the asli, and especially its 
chloruh?.s. 

(1.) The (dcoltol is found most accurately by tho distillation 
process described at p. 373, but it is often determined in tl»o 
following manner : — Shake ui> tlie beer in a flask, so as to 

* Blhliography, 

^ Husemann. — “ Die PflanzeustofTe.” Berlin, 1871. 

WiGOERH. — Ann. (Jhem. Pharm., xxi. 40. 

“WiNCKLER. — lif'pert. Pharnu^ xxi. 40. 
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deprive it of as nuicli carbonic acid as possible, then take the 
specific gravity at 15°-5, and boil a thirrl of the beer away in 
an open beakei\ To make np the boiled beer to exactly the 
original tpiality again, take the specific gravity, and calculate 
as described at p. o79. 

(2.) The carbonic acid which the boor Jiolds dissolved is most 
readily estimated by ]dacing 100 cc. (or any convenient quantity) 
in a flask in connection with the Fox-Lane mercury pump 
described at p. 72 ; collecting the gases, anti estimating the carbon 
dioxide in the usual way by absorbing it by caustic potash, and 
measuring the volume of gas before and after absorption. Another 
method is as follows : — A flask provided with a caoutchouc 
stopper, and carrying a tube twice bent at right angles, is con- 
nected with a smaller flask, containing strong ammonia water, 
into which the tube di[)S. This second flask must also carry a 
caoutchouc stopper, whicli should bo doubly pei'fovatod, the one 
hole for the tube already mimtioned, the other yu’ovidtid Avith a 
short, wide tube, packed with glass wool moistened with am- 
monia water. The beer must first be gently warim^d afid 
ultimately boiled, when the whole of the carbonic acid is ab- 
sorbed by the ammonia. A sufficient quantity of a solution of 
calcium chloride is now added, the Ihpiid boiled until all free 
ammonia is expelled, and the calcium carbonate thrown on a 
filter and washed. Lastly, the washed calcium carbonate is dis- 
solved in either standard or decinormal acid, according to the 
quantity, a little cochineal solution is added, and the acid 
titrated back. 2 cc. of decinormal acid equal 10 mgrrns. of car- 
bonate of lime, or 4*4 mgniis. of COg. This simple process. is 
a{»plicable to all liquids from which carbonic anhydride can be 
expelled by boiling. 

(3.) Volatile and Fixed Acids , — Tiie acetic acid is obtained by 
distilling the beer nearly to dryness, and estimating the acidity of 
the filtrate by decinormal solution of soda.^ Sliould the residue in 
the flask or retort be still add, a little w^ater should be added, 
and the distillation again continued to dryness; any acid now 
remaining is certain to be a fixed acid, probably lactic. It may 
be estimated by titration, and returned as lactic. The equiva- 
lent of anhydrous lactic acid is 90 ; hence 1 cc. of d. n. soda 9 
mgrrns. of lactic acid. Should it be specially necessary to deter- 
mine the percentage of lactic acid, a sufficient quantity of beer — 
say 300 cc. — is taken, evaporated to a small bulk, diluted with 
water, filtered, and mixed with a little sulplniric acid j pure 
carbonate of baryta is now a<|ded, and the whole warmed 
on the water-bath for some time. The liquid is thou freed from 
the precipitate of sulphate of baryta by filtration, and the pre- 
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cipitate well washed with hot water. This filtrate is evaporated 
to a syrup, and treated, when cold, in a tube or separating- 
funnel with a mixture of one i)art of sulphuric acid, one of 
water, one of alcohol, and ten of ether; the ethereal layer is 
separated in the usual way, and evaporated. The lactic acid 
thus obtained is still impure, and it is best to dissolve in water, 
saturate with freshly-precipitated carbonate of isiiic, and estimate 
a.s zinc lactate, the latter containing 54 49 per cent, of anhydrous 
lactic acid. In most cases, however, the error will not be great, 
if the total acidity of the beer is taken directly without distilla- 
tion, and returned as acetic acid. 

(4.) 2Vie Malt Extract , — The extract of beer can bo determined 
by evaporating down a carefully measured quantity, and weigh- 
ing the dry residue. In order to do tljis witli any apj)roach to 
accuracy, the smallest possible quantity should b(> taken — 5 cc. 
or 5 gnus, is quite sutlicient. This small quantity, spread out 
as a thin tiim on the bottom of a tolerably capacious platinum 
dish, can be thoroughly dried over the water-bath in two or 
^hree hours, while if such quantities as 25 pc., 50 cc., or 100 cc. 
are taken, to get the extract completely d)y is very tedious, 
and usually requires a higher temperature than 100"^. It is, 
howevtjr, found in practice much more convenient to dispense 
witli tliis drying altogether, the alcohol and carbonic acid being 
driven ofl‘, as before described, the beer made up to its first 
bulk, the specific gravity taken, and tlic amount of malt extract 
determined by the aid of the followbig tables. If the beer has 
been distilled, the residue in the retort or llask can be made up 
to the original bulk, brought to the proper temperature, and 
treated as just described. 

Tlie alcoholic strength, the acetic acid, and the amount of 
malt extract being known, the analyst can now give a fairly 
apiu'oximate estimate of the amount of malt originally used in 
the brewing of the beer. To do this it is necessary to calculate 
the “ original gravity ” of the beer. The specific gravity of the 
alcoholic distillate (oi', if an indirect process has been used, the 
specific gravity of the alcoholic strength) subtracted from 1000, 
gives a number called the spirit indication.” The degrees of 
gi’avity lost are then ascertained by tlio aid of the following 
tables, using the first if the beer has been distilled, and the 
second if the evaporating process has been used. The degrees 
of gravity thus found are added to the specific gravity of the 
boiled beer, and the number thus obtained is called the original 
gravity of the wort.” On reference to Table XL., the amount of 
malt extract is determined, which corresponds to this original 
gravity. 
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TABLE XL. — Specific Gravity and Strength of Malt Extracjt. 


Spoelflc 

Onivity. 

1 Malt 

1 Eximct. 

1 

;! 

'.i Specific 
;; Gravity. 

Malt 

Kxtxact. 

j Specific 
i Gravity. 

i 

Malt 

Extract. 

Specific. 

Gravity. 

i 

Malt 

Extract. 

1,0000 

i O.OiH) 

■ 1,0047 

! 1.175 

li 1,0094 

2, .350 

:i 1,0141 

3,525 

1,0001 

! 025 

48 

200 

1 95 

375 

!i 142 

550 

o 

1 050 

49 

225 

i; 96 

400 

:: 143 

575 

s 

; 075 

I 1,0050 

250 

: 97 

425 

,i 144 

600 

4 

i 100 

51 

275 

ii 98 

450 

145 

625 

5 

I 125 

52 

! 300 

:| 99 

475 

' 146 

650 

6 

! 150 

53 

! 325 

;* 1,0100 

500 

147 

675 

7 

; 175 

i’ 54 

350 

i 101 

525 

148 

7(K) 

8 

200 

ii 55 

375 

:i 102 

550 

149 

725 

9 

225 

•i 56 

400 

103 

575 

1,0150 

750 

1,0010 

250 

j 57 

425 

i 104 

600 

151 

775 

11 

275 

; 58 

450 

105 

625 

152 

800 

12 

300 

i 59 

475 

=! 106 

650 

' 153 

825 

13 

325 

1 1,0060 

500 

il 107 

675 

154 

850 

14 

350 

! 61 

525 

ij 108 

700 

i 155 

875 

15 

375 

ij 62 

550 

i 109 

725 

; 1.56 

9oe 

16 

400 

r 63 

575 

i! 1,0110 

750 

157 

925 

17 

425 

64 

coo 

i 111 

775 

: 158 

950 

18 

450 

; 65 

625 

i »12 

800 

159 

975 

19 

475 

i 66 

650 

113 

825 

i 1,0100 

4,000 

1,0020 

500 

;i «7 

675 

114 

850 

161 

02;5 

21 

525 

68 

700 

115 

875 

162 

050 

22 

550 


725 

!! 116 

900 1 

Ii 163 

075 

23 

575 

;i 1,0070 

750 

:! 117 

925 i 

i 164 

100 

24 

600 

i 71 

775 1 

j! 118 

950 i 

ji 165 

125 

25 

625 

■j 72 

800 1 

!l 119 

975 ! 

li 166 

150 

- 26 

650 

73 

825 

ii 1,0120 

3,000 ! 

! 167 

175 

27 

675 

74 

850 

121 

025 i 

i 168 

200 

28 

700 

75 

875 

122 

050 ; 

j 169 

225 

29 

725 

J 76 

900 I 

123 

075 

i 1,0170 

250 

1,0030 

750 

:i 77 

925 

124 

100 

1 171 

275 

31 

775 

1 78 

950 

125 

J25 ! 

i 172 

300 

32 ! 

800 

! 79 

975 

126 

150 1 

173 

325 

33 

825 

: 1,0080 

2,000 

127 

175 1 

174 

350 

34 

850 

81 

025 

128 

200 i 

175 

375 

35 

875 

[! 82 

050 

129 

225 

j 176 

400 

36 

'OOO 

83 

075 

1,0130 

250 * 

177 

425 

37 

925 

84 

100 

131 

275 i 

178 

450 

38 

950 

j 85 

125 

! 132 

300 

179 

475 

39 

975 

86 

150 

133 

325 

1,0180 

500 

1,0040 

1,000 

87 

175 

134 

350 

181 

525 

41 

025 

I 88 

200 

135 

375 

182 

550 

42 

050 i 

89 

225 

136 

400 

183 

575 

43 

075 

i 1,0090 

250 

137 

425 

184 

600 

44 

100 

i 91 

275 

138 

450 

185 

625 

45 

125 

; ^2 

300 

139 

475 

186 

050 

46 

150 

1 93 

325 

1,0140 

500 

187 

1 

i 

675 
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TABLE XIj. — Continued, 


Specific 

Oravity. 

Malt 

Extract. 

Specific 

Gra-vity. 

Malt 

Extract. 

Specific 

Gravity. 

Malt 

Extract. 

Specific 

Gravity. 

Malt 

Extract 

1,0376 

9,316 

1,0423 

10,452 

1,0470 

11,571 

1,0517 

12,690 

377 

341 

424 

476 

471 

595 

518 

714 

378 

365 

425 

500 

472 

619 

519 

738 

379 

389 

426 

523 

473 

642 

1,0520 

761 

1,0380 

413 

427 

547 

474 

666 

521 

785 

381 

438 

428 

571 

475 

6?)0 

522 

809 ' 

382 

463 

429 

595 

476 

714 

523 

833 

383 

488 

1,0430 

619 

477 

738 

524 

857 

384 

512 

431 

642 

478 

761 

525 

881 

385 

536 

432 

666 

479 

785 

626 

904 

386 

560 

433 

690 

1,0480 

809 

527 

928 

387 

584 

434 

714 

481 

833 

528 

932 

388 

609 

435 

738 

482 

857 

529 

976 

389 

633 

436 

761 

483 

881 

1,0530 

13,000 

1,0390 

657 

437 

785 

484 

904 

531 

023 

391 

681 

438 

800 

485 

928 

532 

047 

392 

706 

439 

833 

486 

952 

533 

071 

393 

731 

1,0440 

857 

487 

98G 

534 

095 

394 

756 

441 

881 

488 

12,000 

535 

119 

395 

780 

442 

904 

; 489 

023 

536 

142 

396 

804 

443 

928 

1,0490 

047 

537 

166 

397 

828 

444 

952 

491 

071 

538 

190 

398 

853 

445 

976 

492 

095 

539 

214 

399 

877 

446 

11,000 

493 

119 

1,0540 

238 

1,0400 

901 

447 

023 

494 

142 ! 

541 

261 

401 

925 

448 

047 

495 

166 

642 

285 

402 

950 

449 

071 

496 

190 

543 

309 

403 

975 

1,0450 

095 

497 

214 

544 

333 

404 

10,000 

451 

119 

498 

238 

545 

357 

405 

023 

452 

142 

499 

261 

546 

381 

406 

047 

453 

160 

1,0500 

285 

547 

405 

407 

071 

454 

190 

501 

309 i 

548 

428 

408 

095 

455 

214 

502 

333 

549 

452 

409 

119 

456 

238 

503 

357 

1,0550 

476 

1,0410 

142 

457 

261 

504 

381 

551 

600 

411 

166 

458 

285 

505 

404 

552 

523 

412 

190 

459 

309 

. 506 

428 

553 

547 

413 

214 

l,04iS0 

333 

507 

452 

554 

571 

414 

238 

461 

357 

508 

476 

655 

595 

415 

261 

462 

381 

509 

500 

556 

619 

416 

285 

463 

404 

1,0510 

523 

657 

642 

417 

309 

464 

428 

511 

547 

558 

666 

418 

333 

465 

452 

512 

571 

559 

690 

419 

357 

466 

476 

513 

595 

1,0560 

^714 

1,0420 

381 

467 

500 

514 

619 

561 

738 

421 

404 

468 

523 

515 

642 

562 

761 

422 

428 

469 

547 

516 

666 

563 

786 
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From tlio malt extract the aliount of malt used is calculated, 
32*0 of malt equalling 21*0 of extract; or, instead of referring 
to the malt extract tables, 1000 may be subtracted from the 
original gravity, and the remainder multiplied by *0028, which 
will equal the total amount of malt extract per gallon in pounds 
weight. 


Examples. 

/!•) An ordinary Mild Ale. 

1000 0 

Specitlc gravity of alcoholic distillate . = 093*6 

Spirit indication, .... 6*4 

This spirit indication, on reference to Table XLL, equals 26*0 

Gravity of boiled beer, = 1 •014*2 

Add, 26*0 


Original gravity, .... 1*040*2 


Now, in reference to Table XL., 1*0402 coirespond to 9*950 parts 
of extract in 100, or *9950 lbs. i^er gallon. 


Or, if from the original gravity. 
Be subtracted, . . . . 


1*0402 

1-000 


And the number obtained 
Bo multiplied by 
The product equals . 


402 

*0025 

1*005 


which does not materially diller from the amount obtained from 
the tables. 

(2.) A beer, by the evaporation process, indicated 8*6 percent, 
of alcohol. On reference to the specific gravity table (Table 
XXXIII.), p. 371, the specific gravity corresponding to this 
strength is *9896. 


1000*0 

989*6 


Spirit indication, • . . = 10*4 

This, according to Table XLII., corresponds to 47*1; 

The gravity of the boiled beer was , . . 1016*2 

Add 47*1 

Original gravity • . . . 1063*3 

corresponding, according to Table XL., to 1*5441 lbs. of malt 
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extract to the gallon. The amiunt of malt used in the two 
examples is found thus — 

~ ^ gallon, 

(2.) i:M41_ x^20 _ 2-3526 lbs. of malt to the gallon. 

If the beer should have a somewhat large proportion of acetic 
acid (as in old and hard beers), it will be necessary to take into 
account the loss of gravity by acetic acid. This coin 2 )licates the 
calculation, and is only occasionally required. 

The loss of gravity by acetic acid is obtained by the use of 
Table XLIII. Let us supjTOse *30 |Ter cent, of acetic acid to have 
been found in Exam])le 1 ; from this subtract *10 per cent., the 
amount which may be taken as incidental to healthy fermentation, 
and allowed for in the table. Thus, 

Total acetic acid present, *30 

Deduct *10 

Acetic acid to be taken account of, . . . *26 

This ‘26, according to the table, equals ‘34, the number to be 
added to the spirit indication. 

Spirit indication from alcohol, . . . . 6 *4 

,, ,, from acetic acid, . . . *34 

Total spirit indication, . . . 0*74 

The rest of the calculation is as before. 

It may be desirable to examine the malt extract further, and 
specially with a view to ascertaining whether grape sugar has 
been used in place of malt or not. This may be done, according 
to Haarstick, by taking advantage of the fact that most, jicrhaj)^ 
all, of the grape sugars of commerce contain B^chamifs amylin, 
a substance of great rotatory jTower, and one, moreover, not 
destroyed by fermentation. 

The samples of beer were examined by Haarstick as follows : — 
■1 litre of beer was evaporated to a syrup, to which alcohol of 
90 per cent, ^was added, drop by drop, from a burette witli con- 
stant agitation, until a volume of about 300 cc. bad been used. 
The separation of dextrine was completed with 95 per cent, 
al^hol, until the filtrate did not show the least turbidity when 
mixed with an equal bulk of 95 per cent, alcohol. The mixture 
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was then left at rest for twelfe hours, filtered, and the greater 
part of the alcoliol distilled off. The remainder was evaporated to 
dryness on a water-bath, the solid portion dissolved in distilled 
water, and the solution diluted to a litre, and fermented with 
yeast at 20*^, until all the sugar had been destroyed. The 
fermentation was completed on the fourth day, and the result 
of the process was, that beet's prepared without grape sugar gave 
a solution of no rotatory power, while those prepared with grape 
sugar turned the plane of polarisation 2''*0 to 3° *4 to the right, as 
observed in Hoppe’s scale. 

(5.) The Hop Resin and Glycerine. — Griessmaycr* estimates the 
hop resin and glycerine by concentrating the beer to one-third of 
its bulk, and shaking it up with petroleum ether; this, on 
separation and evaporation, leaves the hop resin. The liquid, 
now freed from hop constituents, is made alkaline by baryta 
water, or, better, by barium alcoholate, and shaken up several 
times with a mixture of two parts of alcohol and three of ether; 
the latter, on being separated and evaporated in the usual way, 
leaves the glycerine. 

Clausnizert gives, as the result of his elaborate experiments 
on the various processes for the estimation of glycerine, the 
following method, which would appear to be the best hitherto 
published: 50 cc. of beer are warmed on tlio water bath to get 
rid of COo, and then mixed with 3 grms. of hydrate of lime and 
evay)orated to a syrup; 10 gnus, of powdered marble are then 
added, the mass freqtiently stirred, and the whole diied on the 
water-bath. The dish with its contents is now weighed, and an 
aliquot part (about two-fifths to three-quarters) put in the 
extraction apparatus figured at p. 68, and exliausted w’ith 20 cc. 
of alcohol of 80 to 00 jier cent. The alcoholic extract (now about 
15 cc.) is mixed with 25 cc. of anhydrous ether, the precipitate 
separated, and the (?ther-alcohol I’eceived into a weighed flask, 
the pi'ecipitate also being washed with alcohol-ether [2 : 3,] 
The almost colourless filtrate is freed from alcohol and ether 
by very slow evaporation. Lastly the glycerine is dried at 
100® until in two hours no more than 2 mgrms. are lost. 
This process will take from two to four hours for normal beer, 
from four to six for beer to which glycerine has been added. It 
may be well to burn up the glycei’ine and subtract the ash found. 
Clausnizer gives the percentage of glycerine in common German 
beers as follows : — 

* Dexti. Clutnu Ges. Ber.y xi. 292, 293. 

+ Clausnizer P. : Zur Glycerine Bestimmung in Bier, ZdUchrift filr 
Analytmhe Chem., xx. 80. ’ 
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: VlcohoL Extract Glycerine. 

^Vagening’s Bockbier, • . ** 6*4 ‘208 

„ Beer, • . . 30 6*2 -206 

Rhine beer, .... 20 30 -237 

Bavarian beer, . . . 4'4 60 *220 

3-7 40 -264 

(6.) The Nature of the Bitter used. — This is tlie most difficult 
part of tlie investigation, and requires a very considerable amount 
of practical knowledge. Occasionally, if the beer is put in the 
tube figured at p. 397, small fragments of quassia, calumba, and 
similar substances will be observed to sink to the bottom as a 
sediment, and may be detected microscopically; indeed, it is 
probable that were it possible to obtain the sediment from the 
beer casks, many foreign matters might in this way be detected. 

In most cases it is sufficient to use some of the special pro- 
cesses hereafter described, and restrict the inquiry to proving 
the absence of picric acid, of picrotoxin, and of any otlier 
specially noxious substance which may be suspected. Should, 
however, the analyst desire to examine the beer generally for 
various organic principles, the elaborate process as worked out by 
Dragendorlf and others, fully described in the Second Volume of 
this work, must be used. About 600 to 1000 cc. of the beer are 
evaporated to a syrui)y consistence, and sufficient strong alcohol 
is added to preeijutate the dextrine. The whole is filtered, and 
after standing some hours, the filtrate, acidulated with sulphuric 
acid, and shaken up successively with i)etroleum ether, benzine, 
chloroform, and (if salicin be sought) amylic alcohol. 

Or the beer may be i)recipitated with acetate of lead, filtered, 
the excess of lead thrown out by sulphuric acid, and treated 
with the solvents as described. If inquiry be made as to the 
nature of the residue left by these different solvents in beer 
simply made from hops and malt, it appears that — 

(L) The petroleum ether extracts — 

(a.) An amorphous, slightly bitter substance, soluble in ether 
and alcohol, and partially soluble in water ; this is derived from 
both hops and malt; 

(6.) A substance precipitable by basic acetate of lead; and one 
(a) Becoming red by Frohde's reagent; both derived from the 
hop. 

(d.) A substance derived from the hop alone, becoming red 
with sulphuric acid and sugar, 

(2.) Benzine extracts the same substances, and in addition — 

(a) A substance derived from the hop, which precipitates 
tannin; 

(/.) A substance derived from the malt, becoming dark-brown 
on the addition of sulphuric acid. 
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(3.) Chloroform extracts (a.'! (6.), and (c.), and also (/•)> ^ 
stance partly precipitated by potassium iodide and pliosphomo- 
lybdic acid ; 

A substance reducing ammoniacal solution of silver 
niti'ate ; 

(A.) A substance crystallisable from ether. All of these are 
derived from tlie malt. 

The normal reactions of the substances being known, the fol- 
lowing scheme will be found useful, always bearing in mind that 
few chemists, should they obtain any of the reactions mentioned, 
would conclude from this alone that the substance is actually 
present. The reaction would be considered as an indication only^ 
to be suppleme^ited by other evidence. Unless this is remembered 
and acted upon, tlie most unfortunate errors may be committed 
by the inex})erienced. The beer is most conveniently shaken up 
witli the solvent in the tube figured p. 69 ; the ether and benzine 
will jBloat at the top, the chloroform will gravitate to the bottom; 
in either case separation is tolerably easy. It will, however, be 
found a good plan, in the first place, to separate the liquids 
rather roughly— to draw off the ether, benzine, and chloro- 
form layers, with some of the adjacent liquid, to wash this in the 
same tube with water, to withdraw the solvent from the water 
as completely as possible by the separating tube ; and if this (as 
sometimes happens) is not very feasible, to evaporate the impure 
liquid to dryness in a water-bath, and exhaust the residue with 
the original solvent. The latter may be, in tlie first place, con- 
centrated over hot water, and then portions distributed between 
two or three watch-glasses, and evaporated to dryness. 


I. THE ACID SOLUTION. 

Petroleum Residue. 

{a.) It is amorphous, colours sulphuric acid first brown, then 
violet, and finally red violet. Tralee of Ahsynthiru 

(6.) It is amorphous, colourless, having a hot taste, reddening 
the skin, and colouring sulphuric acid brownish-red. 

Traces cf Capsidn. 

(c.) It is amorphous, green, is coloured by sulphuric acid and 
sugar, and gives no pi-ecipitate with ammoniacal silver solution. 

Resin of the Juniper berries. 

(d.) It is crystalline, yellow, and becomes blood-red on warm<^ 
ing with cyanide of potash* Ricric acid. 
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Benzine Residue. 

A. Crystalline residue. 

It is not bitter ; caustic potash colours it purple-red, sulpliuric 
acid first red, then orange, Aloeim. 

B, Amorphous residue. 

a. The residue sotvhle in water ; does not trouble or reduce gold 
chloride solution in the cold. 

(a.) Tannin docs not precipitate the solution in water; 
residue sharp tasting. 

1. Sulphuric acid colours it red brown. Capsicin, 

2. Sulphuric acid colours it bi'own. Daphne hitter. 
(J.) Tannin precipitates the solution in water ; the residue 

somewhat bitter. 

I. Basic lead acetate causes a weak turbidity, sulphuric 
acid and sugar scarcely redden. 

1. Iron chloride colours the watery solution, on warm- 
ing, brownish-green ; taste slightly bitter. 

Gentian bitter. 

2. Iron chloride colours the watery solution brown; 
taste peculiar, almost unsupportably bitter. 

QucLssiin. 

II. Basic lead acetate strongly precipitates, sulphuric 
acid and sugar colour it gradually a beautiful cherry- red ; 
taste bitterish. Cnicin. 

b. The residue soluble in water ; does not trouble solution of gold 
ddoride in the cold, hut reduces it on warming. 

(a.) Tannin causes a faint turbidity in the watery solution, 
ammoniacal silver solution is not reduced. Heated witli 
diluted sulphuric acid, an ericinol smell is developed. 
Frohde's reagent colours it black-brown, sulphuric acid 
and sugar a beautiful red. Ledum bitter. 

(b.) Tannin precipitates the watery solution ; ammoniacal 
solution of silver is reduced. Heated with diluted sul- 
phuric acid, a weak smell of menyanthol is developed. 

Trifolium bitter. 

e. The residue soluble in water, precipitates in the cold chloride 
of gold, but does not reduce it upon warming. Heated with 
diluted sulphuric acid (1 of acid to 5 of water), it gives a weak 
benzoic acid smell. Centavrea bitter. 

d. The residue soluble in foater, pnrecipitates in the cold chloride 
of gold, which it reduces upon warming. Sulphuric acid dissolves 
it first brown, then gradually violet; after the addition of water 
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quickly a beautiful violet, ijydrochloric acid of 1*135 specific 
gravity colours it first green, then a beautiful blue. AbsyrUhin. 


Chloroform Residue. 

A. Chloride of gold does not precipitate, and is not reduced. 

a. Taiiiiiii gives no precipitate; the residue has a pungent 
taste. Sulphuric acid colours it dark-brown red ; it reddens the 
skill. Capstcin, 

h. Tannin precipitates. 

{a.) Basic lead acetate gives a decided precipitate. Heated 
with diluted sulphuric acid it is first troubled, then it 
becomes brown-red, and develops a weak smell of benzoic 
acid. C7iicin. 

(6.) Basic acetate of lead gives little or no precipitate. 

I. Sulphuric acid colours brown. 

1. Residue bitter. 

a(t. Strongly bitter. Quassiin. 

bh. Residue somewhat bitter. Gentian bitter. 

2. Residue tasting pungent. Daphne bitter. 

II. SidpJiuric acid colours hut slighthj yelloio or not at 

all. Coheynth bitter. 

B. Chloride of gold does not precipitate in the cold, but is 
reduced in the warm. 

a. Tannin docs not precipitate. 

1. Intoxicates fish, tastes bitter. Picrotoxin. 

2. Is tasteless or slightly bitter ; caustic potash colours it 

red-brown. Co'nstUv^t of Aloes. 

b. Tannin precipitates. 

(a.) Ammoiiiacal solution of silver is reduced. Heated with 
dilute sulphuric acid, as well as with Frblide^s reagent, 
there is a strong smell of menyanthol. Menyanlhin. 

{b.) Ammoniacal solution of silver is not reduced. With 
concentrated sulphuric acid and sugar, after long standing, 
a splendid carmine red develops ; heated with diluted 
sulphuric acid, as 'well as with Frohde’s reagent, an in- 
tense ericolin smell is developed. Ericolin. 

C. Chloride of gold precipitates in the cold, and is not 
reduced by the appUcation of heat. Nitric acid colours violet. 

Colchicine. 

Heated -with sulphuric acid, an odour somewhat like tiifolium 
is developed, then the solution becomes red-brown, and the smell 
similar to benzoic acid. Ceriiemrea hitter. 

D. Chloride of gold precipitates in the cold and reduces in 
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the warm. Sulpluiric acid colofirs brown, then the solution 
becomes gradually dirty violet. Wormwood bitier. 

If necessaiy to go further, search may be made for the alka- 
loids by rendering the liquid weakly alkaline by carbonate of 
soda or by ammonia. 

II. THE ALKALINE SOLUTION. 

I. Residue obtained by shaking up with Benzine. 

(1.) It dilates the pupil of a cat. 

(a.) Platin chloride does not precipitate the aqueous 
solution. A solution in sulphuric acid gives on warm- 
ing a peculiar smell. Atropine. 

(6.) Platin chloride precipitates. Ilyoscyamin. 

(2.) It does not dilate the pupil. 

(a.) The sulphuric acid solution gives with oxide of 
cerium or bichromate of jiotash a blue colour. 

* Strychnine. 

(&.) The sulphuric acid solution gives a red colour with 
nitric acid solution. Brncin. 

II. Residue obtained prom shaking it up with Amylic 

Alcohol. — (This need only be done if salicin be suspected.) 
On warming with sulphuric acid and bichromate of potash, 
a smell of salicylic acid is developed. Salicin. 

§ 270. A very good process, only aiming at the identifica- 
tion of a few principles, is recommended by Enders; it is as 
follows : — 

The beer is evaporated to a syrup, the dextrine separated by 
mixing it with three or four times its volume of alcohol, the 
liquid filtered, and the sugar precipitated by ether. The filtered 
ether-alcohol solution is evaporated, the residue dissolved in 
alcohol, mixed with water, and precipitated by means of acetate 
of lead. The precipitate is filtered, the filtrate put on one side. 
The washed precipitate is then separated from lead by SHg, the 
lead sulphide filtered and washed with alcohol, and the filtrate 
(as well as the alcohol washing of lead sulphide) evaporated 
together. The residue is dissolved in chloroform, and the solu- 
tion warmed with water until all the chloroform is driven off. 
The hop bitter y which remains insoluble, is filtered off, and the 
filtrate evaporated to dryness. The lupulin in it should taste 
bitter and have an acid reaction ; it is soluble in alcohol, ether, 
and chloroform ; is not precipii^ted when in solution in weak 
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spirit by tannic acid, but id precipitated by acetate of lead. 
Ammoniacal solution of silveif is not reduced by it. The filtrate 
of the first lead precipitate is freed from lead by SHg, the lead 
sulphide filtered off and washed with hot water, the excess of 
SHo driven off by warming, and then tannin added to the filtrate. 
If no precipitate occurs, absynthin, quassiin, and menyanthin are 
absent. Any precipitate is filtered, dried with carbonate of 
lead, boiled with alcohol, evaporated, and, lastly, treated with 
ether. The latter agent dis.solves absynthin, which is also 
soluble in alcohol, and in much hot water;. from the latter solu- 
tion it is precipitated by tannic acid, but not by lead acetate ; iz 
is soluble in sulphuric acid, and on careful addition of water to 
this solution a violetMue colour is produced. Absynthin reduces 
an ammoniacal solution of silver. Ether leaves menyanthin and 
quassiin undissolved. Both are soluble in alcohol, and the latter 
behaves towards tannic acid and acetate of lead like absynthin. 
Menyanthin reduces ammoniacal solution of silver; quassiin does 
not. 

Picrotoxin may be specially tested for by some one of the 
following processes : — 

HerapatICs Process . — Mix the beer with acetate of lead in 
excess ; filter, and transmit sulphuretted hydrogen through the 
filtrate. Filter again, concentrate the filtrate, and treat it 
with animal charcoal, 'whicli has the property of absorbing the 
picrotoxin. Wash the animal charcoal, dry at 100*", and boU 
with alcohol; tliis dissolves out the picrotoxin, from which it 
may be obtained in tufts of crystals. 

hepair^s Process . — Mix with 1 litre of beer finely powdered 
rock salt (which throw^s down the resinous and extractive 
matters), and shake the liquid with ether ; an impure picrotoxin 
crystallises on separating the etlier and evaporating it : or the 
beer may be simply acidulated with hydrochloric acid and agitated 
with ether, the ether separated and evaporated as before. 

Schmidt's Process. — 1. Evaporate the beer in a water-bath to a 
syrupy consistence, mix it with tepid water till it is perfectly 
liquid, so as to bring the volume to a third of the liquid used; heat 
and shake with animal charcoal. Let it stand several hours, filter, 
and heat slightly ; precipitate by basic acetate of lead, and again 
filter. The liquid should now be of a yellow wine-colour ; if not, 
re-filter through animal charcoal. Add from 5 to 10 cubic centi- 
metres of amylic alcohol, and shake briskly several times at 
intervals; after twenty-four hours the amylic alcohol, containing 
the greater part of the picrotoxin, collects on the surface. The 
remainder is subsequently eliminated by fresh treatment with 
amylic alcohol. Collect the limpid layers of this alcohol, l^and 
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leave the rest to evaporate spontaneously. On the sides of the 
capsule a yellowish ring forms, and this contains the picrotoadu 
mixed with resinous substances. 

2. Isoiation of the Picrotoxin. — First, dissolve the resinous 
product in weak alcohol, evaporate to dryness, recover by a little 
boiling water containing a small quantity of H.^S 04 , expel 

any volatile matter, add a little animal black to eliminate all 
extractive and resinous matter, and, lastly, filter. Evaporate 
inodorous liquid, and when a fresh bitter taste is developed, 
shake up with ether j this redissolves the picrotoxin, and collects 
into a distinct layer on the surface of tlie liquid. Treat again 
with ether, and the whole of the picrotoxin is eliminated; finally, 
the ethereal liquids are mixed, a little alcohol is added, and tlie 
whole is evaporated. The white or yellowish ring formed con- 
sists of picrotoxin, which then has only to be dissolved in alcohol 
to furnish the immediate principle in the form of well-defined 
crystals. These crystals, however, will not be obtained unless 
the solution be quite free from resinous substances ; if not free, 
and if, for instance, the ethereal solution is of a yellow colour, it 
must be recovered with water and treated by charcoal, as above 
described. 

Schmidt was able to separate by this process 0*04 grain of 
picrotoxin in a bottle of beer which had been adulterated with 
eight grains of Indian beny.* 

Dragendorff has modified the method of Schmidt, by adding 
an excess of acetate of lead, precipitating this by SITg, and 
with the lead sulphide getting rid of some colouring matter. 
The sulphide of lead may be washed and dried, and then 
boiled with ether, to recover any picrotoxin which has gone 
down witli it. 

By the following process the animal charcoal may bo dispensed 
with altogether ; — The beer is first evaporated to a syi*up, then 
4 to 5 vols. of alcohol of 90 to 91 per cent, aro added. After 
maceration for twenty-four hours at a low temperature, the 
alcoholic extract is evaporated, the residue acidified with dilated 
SO 4 H 2 , and treated several times with amyl alcohol or chloro- 
form; but previously to this the fluid should be shaken up 
several times with benzine, which does not remove any picro- 
toxin; The rest of the process is similar to that of Schmidt. 

§ 271. Special Tests for Picric Add . — If picric acid alone should 
be sought for, the quickest way is to agitate the beer in the 
separating tube, described p. 69, with half its volume of amylic 
alcohol. On separating and evaporating the alcohol, if picric 


* M. Sohmidt : Cliem. News, March 12, 1804, j). 122. 
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acid be present a yellow residue will be left, and can be identified 
by the action of potassic cyanide, as described below. It will 
not be worth while testing specially for picric acid, if the beer, on 
being treated with siibacetate of lead, loses nearly all its bitter 
taste ; but if, on the contrary, it continues bitter, picric acid, or 
some other bitter not precipitable by acetate of lead, is present. 

Another test frequently proposed for picric acid is to soak 
some pure wool in the beer, first gently warmed over the water- 
bath and acidulated with HCl, when the picric acid will stain 
the wool yellow. The wool thus stained may next be warmed 
witli aqueous -ammonia, the liquid filtered, concentrated to a 
small bulk, and a few drops of a solution of potassic cyanide 
added, when, if picric acid bo present, a red colour (potassium 
isopur})urate) will be i)roduccd. Picric acid may be also recog- 
nised, if present, by spectroscopic examination: the dried extract 
is exhausted either by amyl alcohol or ether, and the solution 
examined, comparing any spectrum obtained with that given by 
a solution of the acid. 

Tlio best method, according to W. Fleck, of detecting picric 
acid in beer, is to evaporate down, say half a litre of the beer to 
a syrup, mix the residue with ten times its volume of absolute 
alcohol, filter, wash, evaporate the alcoholic solution to dryness, 
treat this dry extract witli water as long as the water is coloured, 
evaporate down tlie watery extract to dryness, and extract with 
ether. Tlic etlier will contain any picric acid in a state pure 
enough to weigh, if not absolutely pure. The ether may be 
driven olf and the picric acid taken up by chloroform or benzole, 
and crystallised out from cither of those solvents.* 

§ 272. Hovhy lias endeavoured to discover by spectral 
analysis dfffcrences between picric acid, gentian, calumba, and 
cliiretta. The characters of the pure colouring-matters of malt 
and liops, when single and uiifermented, have been already de- 
scribed. They are, Jiowevei', modified somewhat by fermentation 
and by keeping in the cask, and the following is a description of 
what may be found in pure beers. The colouiung-matter is Jfirst 
separated by evaporating down and precipitating by alcohol ; the 
alcoholic filtrate is in turn evaporated, and the residue dissolved 
in water. On now adding to this aqueous solution sodic hypo- 
chlorite, it becomes gradually flesh-coloured, and if it is strong a 
spectrum can be obtained. This spectrum is lightly shaded to 
CHD, then dark to DI E, afterwards very dark; and when most 
advantageously seen half dark from D -|E to F, then easily shaded 
to F ? Q, farther on very dark; and there is a broad absorption- 

* H. Fleck, Coirrespondenz-BL d. Vereins, Anal, CAem., iii 77. 

29 
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band from EJ5. If more hypochlorite is added, it becomes 
deejier orange, and finally orange yellow. No difforenco could 
be discovered spectroscopically between gentian, chirotta, and 
hops. Galumba root it is possible to detect as follows : — 

A sample of pure and one of suspected beer are evaporated 
down. [A beer may be suspected if the extract is bright yellow.] 
Two observation tubes are taken, and the pure beer diluted until 
it gives a spectrum easily shaded from D ^ K to KJ/i, then mode- 
rately dark from afterwards dark. In the other tube is 

placed as much of the suspected sample as will give a colour of 
about equal intensity, and in both cases about one-fourth of the 
mixture must bo alcohol, in m'der to avoid a precipitate, Sodic 
hypochlorite is now added to both slowly, and in about equal 
proportion ; when pure, beer will become first red, and then flesh- 
coloured, with a spectrum moderately dark from b'iF to Flj!/, 
then half dark to Fir/, afterwards dark; whilst beer containing 
calumba root is coloured orangc-red, and gives a spectrum 
lightly shaded from D to DIE, afterwards half dark from 
D^E, then dark. Too large an amount of hypochlorite 
must not bo added, or the colour is then too like that of 
pure beer. Picric acid, when in beer, gives a spectrum 
which is easily shaded from F ir/ to F-Jg, then half dark to about 
g, afterwards very dark. On addition of sulphuric acid the 
spectrum is lightly shaded from FI^ to F then half dark to 
beyond g ; afterwards very dark. 

Salicylic Acid is u.sed occasionally in brewing. If the bcei\ 
concentrated to a small bulk, is acidified with hydrochloric acid 
and shaken up with ether, the latter solvent will extract the 
organic acid, and it may be identified by the colour it gives with 
ferric chloride, and by its physical properties. 

§ 273. (7.) 71ie Ash . — The analysis of the ash of beer differs in 
no degree from an analysis of ash in general, and is carried out in 
the principles detailed, p. 37 et seq. The substances to which 
the analyst’s attention is specially directed are — the amount of 
salt, the presence or absence of iron (often added in the form of 
sulphate to porter), alum, and lead.* Of these the only one 
necessary to allude to further is the salt. 

The salt in beer is determined with sufRcient accuracy by 
cliariing in a platinum dish the extract from 70 cc. of beer (it is 
not well to burn to a complete ash, for in doing so there is always 
a considerable loss of chlorides). The charred mass is boiled up 
with successive portions of distilled water, filtered, and the 

* Many firms now use large copper coolers, but no injurious amount of 
copper appears to have been as yet detected in beers. 



435 


§ 273.] THE A^H OF BEEB. 

filtrate made up to a known ljulk, from which a convenient frac- 
tional portion is taken, and titrated with a solution of nitrate of 
silver (4*79 grms. to tlio litre), 1 cc. = 1 mgrrn. of chlorine, using 
as an indicator neutral chromate of potash. The chlorine found 
is calculated and expressed as common salt, every mgrrn. of salt, 
when 70 cc. are taken, being equivalent to 1 grain in the gallon. 
Ml*. Griffin's convenient measure, the septem or one-hundredth of 
a gallon, may, of coarse, be used, and grains instead of grammes — 
each grain measure of nitrate of silver being made to correspond 
to one-tenth of a grain of common salt per gallon. Should the 
amount thus found indicate more than 50 or 60 gr ains per gallon, 
a second determination of chlorine should be made by the more 
accurate gravimetric method of weighing the chlorine as chloride 
of silver. It may even be advisable to make a qualitative and 
quantitative examination of the soluble portion of the ash ; for, 
if called as a witness, the analyst must be prej»ared to state posi- 
tively the amount of chloride of sodium ; nor can he well do this 
simply from the soluble chlorine, for that may represent other 
chlorides besides chlorides of sodium. 

The amount of salt derived from the hops and malt can 
approximately be determined, as Mr. Gatehouse has shown,* — 
First, for the malt : by taking the original gravit}'*, as before 
described (p. 415), obtaining thence the (piantity of malt origin- 
ally used in the beer, and I'cckoning the malt to contain *025 per 
cent, of salt (and certainly no malt will be found to exceed this). 
Then, for tlio hops : the possible maximum of salt in hops is ‘345 
per cent. The quantity used in brewing being seldom, if ever, 
more than 20 lbs. per quarter of malt for bitter beer, and generally 
less than half this amount for strong beer, and this weight of 
malt giving at least 72 gallons, the salt derived from the hops 
cannot in bitter beer exceed 6*7 grains, and in strong beer 3*35 
grains per gallon. 

Thus, to take the first example (p. 423), the original gravity of 
which was 1*0402, corresponding by the tables to 9*950 lbs. of 
malt extract per gallon. Since 320 of malt equal 210 of extract, 
and there are 7000 grains in the pound — 


9 050 X 3202^*025j^000 

210 X 100 

= 2*65 grains of salt per gallon as the possible maximum from' 
the malt, the beer in question not being a bitter beer. Add to 
this 3*35 as possible maximum amount of salt from the hops*^ 


The Amount of Salt ia Beer. A nali/st^ Na 20, 1877. 
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2*65 from malt^ 

3*35 from hops^ 

6*00 salt possible from both malt and hops. 

Now, if the composition of the water used in brewing bo 
known, one- third more than the actual quantity of salt in the 
water present may be added to the number representing the salt 
from the hops and malt, and the data are then complete for the 
analyst to form his judgment. The amount of salt in the water 
used will, however, only occasionally be known. 

The numbers used in the above calculations being constants, 
the process is shortened by simply deducting 1000 from the 
original gravity, and multiplying by *066, the result giving the 
salt in grains per gallon. Thus, taking an example from Mn 
Oatehouse’s excellent paper :♦ — 

Por cent 

Beer found to contain alcohol, 5*2 

Malt extract, 7*38 

Specific gravity of alcohol equals *9911 ; the spirit 
indication therefore equals 8*9, giving an 

original gravity, 38*6 

Gravity of boiled beer, . . 1030*6 

Original gravity of wort, . . . 1069*2 

Salt due to malt alone, . . . 69 *2 x *066 = 4*567 

Salt due to hops, ....*.. 3*350 

Salt due to water, unknown. 

Possible total due to malt and hops, , . . 7*917 

The amount of salt actually found being 8*55 

It has been suggested that the concrete sugart so largely and 
legitimately used by brewers, sometimes contains a considerable 
amount of chlorides. If samples are found, occasionally, with 
more than a trace of chloride, it is because the sugar itself has 
been prepared for the brewers ; nor can there be any difference 

t*It is possible for arsenic to be found in beers manufactured from glucose, 
for in certain kinds of the latter arsenic is occasionally discovered, the sub- 
stance probably having been introduced by the use of an arsenical sulphuric 
acid in the process of manufacture. The darker in colour the glucose, the 
more likely is it to be arsenical ; thus, M, Kitter found — 

Gnn. 

In White Glucose, 0*0105 arsenic per kilogramme. 

„ Yellow „ 0*0170 ,, „ 

„ Black „ 0*1094 „ 

Clouet, in the examination of a veiy large number of arsenical glucoses, 
found as a minimum 0*0025 gnn., as a maximum 0*0070 grm., and as a mean 
0*0051 grm, metallic arsenic per kilogramme. (T. Clouet, Du glucose 
arsenical. Ann, d^HygiGne Pmlitiue^ xlix.| Jan., 1878.) 
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whether the brewer adds the salt as salt, or first mixes it with 
sugar. However, analytical ^oof of sufficient chlorides naturallif 
present in concrete sugar, to raise the salt in beer made from 
ordinary materials to over 50 grains per gallon, is wanting ; and 
all the evidence in its favour has been derived from loose state- 
ments. 


BIBLIOGRAPHY. 

Analytic Report on Dublin XXX Porter. ^^e<iL Press and Citcuxit^ 1869. 

Babkctel. — A nalyse d’une biere qu’on croyait falsifiee. Ann, d'Hyg, etde 
MCd. L^g., 1833, t. x., p. 74. 

Balley. — “ Handbuch der Technischen Uiitersuchungen. ” Leipzig, 1874. 

Blas. — R echerche de la picrotoxine dans la bi6re. Bull, Acad, dt Med, de 
Belgique, 1869, p. 1232. De la presence de TAcide Salicylique dans 
les bieres. Pans, 1879. 

Boxnewin. — Note sur la picrotoxine. Bull, Acad, dc Mid, de Belgique, 
1869, ]). 837. 

Bruxaeu. — Presence de I’acide picri<pie dans la biJire. Journ, Pharm, et 
Cliim., 2e s6rie, 1873, t. xviij., p. 247. 

Claus.vizer, F. — *‘Zur Glycerine liestimmung in Bier.** Z, fiir Anal, 
Chemie, xx. 80. 

Draoendorff. — “Recherche des substances ameres dans la bibre.” Paris, 
1876. 

Enders. — Arch./, Pharm., Bd. 185, p. 225. 

Gatehouse, J. W. —The Amount of Salt in Beer. Analyst, No. 20, 1877. 

Haakstick. — Chem, Centrbl., 1876; also Journ, Chem, Soc., ii., 1877, 
p. 372. 

Hassall, a, — “ Food ; its Adulterations detected.” London, 1876. 

Lassaicine, J. L. — Note sur le moyen de constater et de deniontrer la pre- 
sence de I’acide picrique introduit dans la biere. Journ, Chhn, Mid., 
3e sorie, 1863, t, ix., p. 495. 

Lintner, C. — “Lehrbuch der Bierbrauerie,” 1877. 

Meukem, V. — Rochcrches chiraiques sur les bieres plombLferes. Journ, 
Chhn, Med., 3e serie, 1863, t. ix., p. 595. 

Mulder. — Des falsifications de la biere. Ann. d^Uyg, et de Mid, Lig., 2e 
serie, 1861, t. xvj., pp. 33, 430. 

Pasteur, M. L. — “Etudes sur la bifere, ses maladcs, causes qui les pro- 
voquent,” &c. Paris, 1876. 

PoKL. — ^loyen de dcceler Tacidc picrique dans la biere. Journ, Pharm, et 
Chhn., 3o s6rie, 1856, t. xxix., p. 465. 

Rauwez, j. V. — Moyen simple dc reconnaitro une biJire h I’aloes. Journ, 
Chhn, Mid., 4e s6rie, 1862, t. x., p. 233. 

Schmidt. — B ifere falsihSe avec de la picrotoxine. Journ. Pharm, et Chhn,, 
3c serie, 1863, t. xliii., p. 170. 

SchCtzenbkrgkr, P. — “On Fermentation,” London, 1876. 

Schulze. — Maltose. Pent. Chem, Oes, Ber,, vij. 1047-1(H9. 

SouBEiRAN. — “ Dictionnaire des falsifications.” Paris, 1874. 

Stierlin, K — Das Bier und seine Verfalschungen, Bern, 1878. 

Sullivan, C. O.— Maltose. Journ. Chem. Soc,, i., 1876, p. 478. 

Vincent, — “ Dictionary of Arts and Manufactures,” Art. Beer. 

Vogel, Hekm. W. — “ Practische SiMJctral Analyse,” &c. Nordlingen, 1877* 

Wanklyn in “ Manual of Public Health,” ed. by Ernest Hart. ^ 

Watts. — “ Chemical Dictionary.” 



438 


foods: their composition and analysis. [§ 274. 

1 

Wenke. — “ Pas Bier und seine Verfiilsclinng.” Weimar, 1801, 
WiTTSTEiK, G. C.— Detection of Adiilterftioiis in Beer. Arch. Fharm. [3], 
V. 25*23. 


WINE. 


§ 274. Constituents of TFine . — Wino is tlie fermented juice of 
the gi'ape, with such additions only as are essential to the stability, 
or keeping of the liquid {Dufwe). The constituents of grape 
juice and wine may be arranged and compared as follows 
(Neubauer) 

Must. 


AVater. 

Grape sugar. 

Albuminoid bodies. 


Hydro*x>otassic tartrate. 

Tartrate of lime. 

Vegetable mucus. 

Gum. 

Malic acid (in bad seasons). 

Salts of ammonia and of similar bases. 
Small mixtures of colourings matters. 

Organic acids in combination and 
certain extractive matters. 


Mineral matters.* 


Wine. 

Water. 

Grape sugar (0 to several per cents.) 
Alcohol. 

llesidues of albuminoid bodies. 

Acetic .acitl. 

Succinic acid. 

! Tart rate of lime, i In smaller propor- 
1 ai taric acid , ( tions than in Must’ ’ 

Gum. 

Malic acid (in bad seasons). 

Colouring-matters. 

Glyconne. 

Oi^^aiiic matters in combination and 
certain extractive matters, 

Caproic ether, 8o-called osiiauthic 
Caprylic ether, f ether. 

Unknown odorous ethers. 

Tannin. 

Mineral matters. 

A few ferment colls and similar forms. 


* The mineral mattc^rs of the ash of eighteen samples of grape juice liave 
been quantitatively determined by Mr. Carter Bell, Analyst (Novemlier, 
1881) ; the chief results are as follows : — 



Potash. 

■a 

I 

7i 

Ohloriue. 

Sulphuric 

Acid. 

U 

6< 

j=i 

Pb* 

1 

4 

J5 

a 

■9 

es 

P'S, 

g 

Alumina 

Phosphate. 

P 

i 

in 

Maximum, . 

54*24 

10*54 

339 

13*08 

|7*28l 

13 99 

1 

12*57 

1*68 

3-85 

23*73 

•98 

Minimum, . 

31*23 

•29 

*29 

314 

•22 

*65 

•96 

•05 

*05 

3*13 

•08 

Mean, . . 

42141 3*37 

1-09 

9*14 

3*00 

/ 

4*55 

9*67 

*63 

•87 

12*78 

•29 


he compart with the mineral constitueuts of wine given at 
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§ 275. Changes taking place in Wine through Age , — Berth el ot ♦ 
has made several analyses of lirines 100 and 45 years old respec- 
tively, which are interesting as contributing to more accurate 
knowledge regarding the ellect of age upon wine. TJie wines 
were both samples of Port. The one 100 years old had a large 
deposit of colouring-matter, and was ytdlow ; the colour of the 
second sample was dai*k, but yet lighter than that of new wine. 
The results of the analyses are as follows : — 


Specifi(j gravity, 

TVirt \vinL\ 
loo years old. 

*988 

Port wiue, 

45 years old. 

*991 

'I'otal residue at 100", 

3-36 

5-30 

Sugars, reducing, .... 

1 *25 

3*15 

Sugars, after the action of dilute acid, 

1 29 

.3*68 

Acid, calculated as tartaric acid. 

. 5*17 

5*46 

Tartaric ether, .... 

1*11 

1*17 

Cream of tartar, .... 

•27 

•42 

Glycerine, 

. 150 

16*1 

The analyses of the deposits gave the following results : — 

Sugar, reducing, .... 

Wine 

KK) years old. 
1*25 

Wine 

45 years old. 
3*15 

Cane -sugar, ..... 

•04 

•53 

Turo acids, 

•51 

•52 

Acids as ethers, .... 

•27 

•28 

Cream of tartar, .... 

•03 

•04 

Glycerine, ..... 

210 

1*16 

• 1 


It would tlicn seem that there is a gradual deposit of the 
colouring-matter, and that some of tin* sugar has disappeared 
from the old wine, wdiich gives a smaller residue. Cane-sugar 
is practically absent in the sample 100 years old, a fact which 
Berthelot iutorprots as coniirmatory of his observation of the slow 
iuvertive action of organic acids on eano-siigar. From the quan- 
tities of tartaric acid existing as ethers, and the same amount of 
acids in iiewwino, it would appear that the wine loses about a 
quarter of its acidity by etlierification. The experiments of 
Macagno may also lie here cited, from which it apjiears that in 
wines of the same class the tannin decreases through age, while 
the glycerine increases. 

The Tablet on ]ip. 440, 44l gives examples of the quantities 
found of the chief ingredients of wine. 

* Comptes Jlendusy 88 , 1870 , 026 . 

t Drawn uii by Dr. Duprd Proceedings of Society of Public Analysts, 
L, 1876, p. 77. 
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TABLE XLIV.— Weight iif Grammes of some ov the Chief 

Undermentioned 


Particulars of Wines Analysed. 

Specific Gravity, 

Absolute Alcohol. | 

Free Fixed Acid as 
Tartaric Acid. 

Free Volatile Acid as 
Acetic Acid. 

Total Free Acid as 
Tartaric Acid. 

Real Tartaric Acid. 


Doz. 

Vintage. 







I Hock, white, 30s. 

1862 

903*43 

95*6 

3*48 

0*57 

1 4*20 

... 

f 1 

„ 40s. 

1S50 

993*48 

9*2 0 

1 

4*20 

1 M4 

5-62 

2*550 


,, 120s. 

1857 

992*81 

; 104*4 

4*31 

0-93 

5*37 

0-675 

Claret, 

15s. 

1865 

995*58 

85*3 

4*24 

1-47 

6*08 

0*675 

II 

48s. 

1865 

995*03 

120*0 

4-24 

i 1*74 

6*41 

1*875 

II 

66s. 

ISGl 

994*73 

85*3 

3-23 

* 1*80 

5*48 

1*838 

Hungarian, red, 21s. 

... 

992*07 

113*6 

3-56 

2*40 

6-68 

0*000 

II 

white, 34s. 


992*88 

95*4 

5-33 

1*47 

7*16 

0*675 

II 

„ 428. 


903 09 

94*0 

4*74 

1*80 

6 99 

0-375 

Greek wine,,, 20s. 


994-56 

107-2 

3*41 

3*00 

7*16 

0-675 

II II 11 288. 

... 

992*25 

124*5 

4*54 

1*68 

6*64 

... 

11 11 II 30s. 


993*17 

138*9 

2*33 

1*77 

4 *.54 

0*300 

Sherry, 

22s. 

1865 

994*09 

172*0 

2*70 

1*53 

4*61 

0*187 

11 

high price. 

1860 

997*93 

178*1 

3-08 ! 

1-68 

5*18 

0*262 

II 

II 31 

1857 

998*30 

184 0 

2*81 1 

1 62 

4*84 

0*150 

Madeira, 

E.I., GOs. 

... 

993*94 

177*5 

3*26 

1*68 

5*36 

0*300 

11 

high i^rice. 

1812 

994*15 

180*0 

4*20 

3*27 

8*25 

... 

Port, 

32s. ^ 

1864 

1004*76 

185*6 

3*08 

0*84 

4*13 

0*225 

II 

high price. 

1854 

997-42 

175*3 

3*54 

1*07 

4*88 

0*225- 

11 

II 11 

1842 

986*95 

182*6 

2*66 

1*08 

4*01 

0*160 

Marsala, 

16s. 

old 

996*65 

167-1 

1*88 

1-11 

3*26 

... 

^ 11 

. 20b. very old 

999*65 

168*9 

2*25 

1*38 

3*98 

0*150 
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Constituents of 1 Litre (1000 cc.^or 1000 Volumes, of the 
Wines (Dufr^). 
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§ 276. Adulteratimis of ir/«e. — The adulterations of wine 
bought at a fair price from resi^t^ctablo (inns do not appear 
numerous ; but, on the other hand, low-priced wines (especially 
such as are retailed to the poor, and are supplied to workhouses) 
are often of extremely bead quality, and sometimes entirely ficti- 
tious.* Tims Ports are fortified with brandy, coloured by 
vanous ingredients, f plastered with gypsum and mixed with 
inferior wines ; salt of tartar and (enantliic ether are often added 
to^ive an appearance of age, alum to increase the brilliancy of 
hue ; and occasionally (as an impurity, or as an unintentional 
adulterant) lead and other metals are detected. Sherries, again, 
are plastered and fortified to a considerable extent, and Clarets, 
Madeira, and Champagnes are all subject to somewliat similar 
sophistications. 

§ 277. Analysis of IFine.- — A complete analysis of wine em- 
bx-aces the following ; — 

1 . Determination of alcohol. 

2 . Percentage of solid residue. 

* Dr. A. Cameron has found in Port >vine supplied to Irish workhouses 
12 per cent, of solid residue, one-half of which was coin]>(>sed of yrapo sugar. 
According to Mautne»6, the Kussian iiiilitary phannacopteia contains the 
following receipt for making a Port wine Cider, kilogvnia. ; kino, ■CK)S 
kilogrra. ; Old Hock, with cider, 3 kilogrms. ; brandy, 1 kilogrni. ; nitric 
’CtheV, alcoholised, *008, 

t Oeropirja. -The use of geropigain the manufacture of I'ort wines engaged 
much the attention of the Kxcise, in 18*40, and lias preserved for us some 
interesting correspondence. There is extant a letter from Consul Johnstone 
^ Lord Palmerston, in which the Ctmsul, writing from O[»orto, states 
that every pipe of geropiga contains about 3o imperial gallons of brandy ; 
the other ingredients being colnuriiig and sweetening matters, and iinfer- 
mented grape juice. He also gives it as his ojiinioii, that geropiga was 
usevl to give to wines the appearanc^e of possessing ipialities which they ha<l 
not, and of concealing the bad qualities wdiicli* they had. 'fho absolute 
alcohol of the gero[>iga was about per cent., but the qualities and 
strength varied much. It ajipears to have been a coarse Ihjiucur made with 
must, brandy, and elder-berries. From the same correspondence we are 
enabled to trace the evil influence of the professional ** tasters, of whom 
there were twelve in Oporto, where, agreeably to tlie law, “ the trials of 
wine laste<l seven hours daily.” The tasters for about six consecutive hours 
were busily engaged in tasting promiscuously, all sorts of wine — sweet and 
dry, light, full, strongly alcoholised, or the reverse— each of them trying 
from lr»b to 300 sample.s in the six hours. It was from the vcrtlicfcs of these 
men that the wines were arranged according to their quality. Naturally 
enough, their jaded palates were quite incapable of appreciating the finer 
qualities and delicate shades of diilerence, and it need cause no surprise to 
nnd the Consul remarking that “in the Donro this practice occasions 
extensive sophistications, and leads to the confounding of various wines of 
that district” 
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3. Estimation of succinic acid and glycerine. 


4. 

9 ) 

volatile fixed acids. 

5. 

99 

ethers. 

6. 

99 

sugar. 

7. 

99 

albuminous matters and ammonia. 

«. 

99 

tannin. 


9. Examination of tlie colouring-matters. 

10. Estiuiatiou and analysis of asli. 

1. Alcohol, — Wines, in regard to their alcoholic content, may 
be divided into two classes — viz., natural wincH^ the strength of 
which has not beeii iricreased by tlio addition of spirit; and 

fortified imncit, such as those of Spain and Portugal, which 
absolutely require the atldition of a certain amount of sjurit to 
preserve them. Natural win<‘s contain as a ininimuin 6 per 
cent., and as a niaxinuun a little over 12 pm- cent., of absolute 
alcohol by weight. Tlie |aTcentage of alcolu)! in fortified wines 
depends, of course, entirely on the operator; it appears to range 
usually from 12 to 22 per cent, by weight. The alcohol is re- 
turned as ethylic, but there are always traces of the higher 
lioinologoiis alcohols- — propylic, butyl ic, and amylic. If tho 
analyst desires to estimate the dilTcrent ]>roportions of these, a 
lai-ge f|uaiitity of wine must be distilled, tho distillate redistilled 
in fnictions, and ultimately oxidised into tho corresponding acids, 
the latter being more easily separated than tlic alcoliols. The 
nietliod of determining tlu? alcohol in wine dilfers in no essential 
feature from tlie processes described at ]>. 378. 

2. The Solid Residue . — The dry extract from pure natural 
wines is fiom 1*5 to 3 per cent.; tlie pi'cseuce of sugar in 
fortified w-iucs may raisti tho extract to G’8 or 10 per cent. The 
solid residue may be taken by simply evaporating 10 cc. to 
dryness, wliicli can b(i done rapidly, without any dc5composition 
of the solids, by using a large flat platinum dish, and thus 
spreading tlie 10 cc. out in a thin layer. Tliis method is, 
however, somewhat inconvenient, and causes a loss of glycerine; 
therefore, the indirect process for beer, given at p. 415, may be 
employed instead, wine extract being considered equal in density 
to malt extract,* But in wdnes containing much ash (since the 


* A, Gautier rr/ZyAr/tvie Puhlique, t. xlvii., 118, 1877) has recom- 

Tneudod in all cases the evajioratioii of 5 cc. of wine on a watch-glass, in a 
vacuum, without the application of artificial heat. This method takes from 
two to six days, according to the temperature, for completion, so that it is 
scarcely ajiplicable for technical puqwses; but it is evident that a heat of 
30®, whilst greatly expediting the process, would in no way impair 
accuracy. ^ 
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mineral constituents of the latter seriously affect specific gravity, 
containing in a given specific gravity about twice as much 
substance in solution as a sugar solution of the same gravity), 
it is necessary to subtract from the percentage of extract thus 
estimated, the percentage of ash found in the samo wine; or if 
the amount of extract without the ash is required, twice the 
percentage of ash has to be subtracted from the percentage 
found. I>upr6 and Thudichum give the following examples : 

Ronenthaleb, 1859 (£15 Ohm). 


Per cent. 

♦Specific gravity of de-alcoholised wine, . . . 1008 '01 

Percentage of extract (see table, p, 416), . . 2*041 

Percentage of ash found, 0*170 

Total solid constituents, .... 3*952 

To find total solids minus ash, subtract again . 0*170 

Total solid constituents, , . . . 1*701 

Sherry, 1865. 

Specific gravity of de-alcoholised wine, . . , 1017*56 

Percentage of extract from specific gravity (see 

table, p. 416), . . . \ . 4 467 

Percentage of ash found, 0*515 

3*952 

Subtract ash, 0*515 

Total solid constituents, .... 3 *437 


H. Hager,* after evaporating off the alcohol, and making up 
the wine to its original volume by means of water, determines 
the amount of extract from the following table, which is based 
on his own experiments, and differs a little from the malt extract 
table p. 416. 

The extract and amount of alcohol being known, it is, in cer- 
tain instances, possible to detect the watering of wine, although 
such a diagnosis can only be made when the analyst is inti- 
mately acquainted with the kind of wine under examination, 
and in some cases with the characters of the particular vintage. 
The Bordeaux wines, according to Girardin and Pressier, give 
almost always the same amount of extract, varying only within 
the imits of 20 to 20*8 grms. the litre; and the proportion of 
alcohol also is fairly constant — viz., from *005 to *015, the mean 
being *010 per litre. From these data they calculated the 

* C/tem. CentrhL^ 1878, 415. 
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TABLE XLV. 


Per cont. of 
Extract. 


0- 50 
0*75 
100 
1‘25 

1- 50 

1- 75 
200 
2*25 
2*50 

2- 75 
3 00 

3- 25 
3*50 
3*75 
400 
4*25 
4*50 
4*75 
5*00 


Spociflo 
gravity, 15° *0 


1 0022 
1*0034 
1*0046 
1*0057 
1*0068 
1*0079 
1*0091 
1*0102 
1*0114 
1*0125 
10137 
10148 
1*0160 
1*0171 
1*0183 
1*0194 
1 *0205 
1*0216 
1*0228 


Per cent, of 
Extract. 


5*25 

6*50 

5*75 

6*00 

6*25 

6*50 

6*75 

7*00 

7*25 

7*50 

7*75 

8*00 

8*25 

8*50 

8*75 

9*00 

9*23 

9*50 

9*75 


i 

Specific I 
gravity, 


1*0239 
1*0251 i 
1*0263 
1*0274 ! 
1*0286 1 
1*0298 t 
1*0309 i 
1*0321 i 
1*0332 I 
1*0343 i 
1*0355 I 
1*0367 : 
1*0378 , 
1*0390 I 
1*0402 i 
1*0414 j 
1*0426 ' 
1*0437 i 
1*0449 i 

i 


Per cent, of 
Extract. 


10*00 
10*25 
10*50 
10*75 
11*00 
11*25 
11*50 
11*75 
12 00 
12*25 
12*50 
12*75 
13*00 
13*25 
13*50 
13*75 
1400 
14*25 


Specific 
gravity, 15® *0 


1*0461 

1*0473 

1*0485 

1*0496 

1*0508 

1*0520 

1*0532 

1*0544 

1*0555 

1*0567 

1*0579 

1*0591 

1*0603 

1*0614 

1*0626 

1*0638 

1*0651 

1*0663 


[N.B. The specific gravity increases or diminishes *00024 for each degree,] 

amount of genuine wine present in any samples. Thus, su2)pos- 
ing the extract in a Bordeaux wine to be 14*5, then 

or 725-00 

i.e,, the litre contains 725 cc. of wine, the rest being alcohol and 
water. To know the quantity of alcohol added, it is necessary to 
ascertain how much the 72*5 parts of wine contain of absolute 
alcohol; 

10 : 10 : : 72*50 : x 
a;=7*25. 

If the absolute alcohol is found, for example, to be 0*11, then, 
subtracting 7*25 from 11, it is supposed that 3*75 of alcohol has 
been added. 

That this process, as applied to the Bordeaux wines, is in the 
main correct, is sui)ported by the fact that the Rouen wine-mer- 
chants have frequently paid duty on the excess of alcohol, &c., 
which Girardin and Pressior found in their wines. 
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§ 278. 3. Estimation of Succinic Acid and GlyceHne , — Half a 
litre to a litre of wine is decotoiirised with animal charcoal, 
filtered, and the charcoal well washed with water; the filtrate 
and washings are then evaporated down in the water-bath, and 
the drying finished in a vacuum. Tho residue, when dry, is 
treated with a mixture of one part of strong alcohol and 2^ 
parts of rectified ether. The latter is driven ofi* by lioating the 
dish in warm water, and the wdiole evaporated again on a water- 
bath. The residue is now neutralised with lime-water, which 
combines Avith the succinic acid, and forms succinate of calcium. 
The glycerine is dissolved out by alcohol and ether, and weighed 
either directly or by loss. The succinate of calcium remaining 
behind is imjmrc, and should be Avell washed with S]>irit before 
weighing. Every 100 parts of calcic succinate equals 75*64 of 
succinic acid and since Pasteur has showji that 

112*8 parts of grape sugar (107 of cane) yield about 3*6 of 
glycerine and 0*6 part of succinic acid, it follows that in a 
natural wine the glycerine would amount to about one-fourteenth 
part of the alcohol present. 

Reichardt recouaniends the following process: — To 100 cc. of 
wine (decolourised by animal charcoal, should it be a red wine), 

5 grms. of freslily slaked lime are added, and evaporated to 
dryness. The residue is pow’^dered and exhausted by digestion 
for a few hours with 30 cc. of absolute alcohol, or 7 cc. ether, and 
23 alcohol of 90^ The liquid is filtered and evaporated to 
dryness under 100” in a tared dish, and the product Aveighed. 

Konig* combines Pasteur and Reichardt^s processes, that is, he 
recommends the CA^aporation Avith burnt lime, and extracts Avith 
100 parts of 00 per cent, alcohol, and 150 parts of ether; 
evaporates the ether-alcohol off at from 40^^ to 50'’, and weighs. 

Stierlint evaporates the liquid without any addition to one-lifth 
or one-sixth of its volume, extracts witli hot absolute alcohol, and 
uses this alcoholic extract for the estimation of the sugar, non- 
volatile acids, bitter matters, alkaloids, and glycerine. For the 
estimation of the last, a measured portion of tho alcoholic extract 
is freed from alcohol by evaporation, and then evaporated down 
to dryness with slight excess of caustic lime. The glycerine is 
extracted with ether alcohol and other (2:3), or with alcohol and 
chloroform. (See also the process for extracting glycerine from 
beer, p. 425.) 

Raynaud has pointed out that although tlie processes in 
‘‘Tasohonbuch der Nahrungs.-u. GenuasmitteMiehre.” Nurd- 

lingen, m8. 

T Sticrlin. “ Das Bier,” &c. Bern, 1879. 
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nse for the estimation of glycerine are fairly exact, yet with 
plastered wines too high resnks are obtained ; for if there is any 
considemblo amount of sulphate of potash, it is decomposed by 
lime, and hydrate of potash is formed, which is dissolved by 
glycerine in the presence of alcohol, and is weighed with it. He 
therefore recommends the following process: — The liquid operated 
upon is evaporated to about one- fifth of its volume, and. the pota.sh 
precipitated by hydro fiuorsilicic acid and filtercjd. The filtrate is 
made we.‘akly alkaline by the addition of hydrate of baryta; sand 
is also added, and the mass is evaporated to dryness in a vacuum; 
the dry residue is then extracted with a very large volume of 
absolute alcohol and ether, as much as 300 cc. for 250 cc. of wine 
being recommended. With the improved processe^s of extraction 
which 'we now possess, however, this is quite unnecessary, and 
DO to 100 cc. in a Soxhlet’s apparatus (se(i ]>. 67) will have quite 
the same effect as a much larger quantity. On the evaporation of 
the alcohol and ether, the glycerine is allowed to stand for twenty- 
four hours in a vacuum over }»hosplioric anhydride : finally, it is 
put into a tube, a ])erf(ict vacuum formed, and distilled into the 
cool part of tlie tube by a temperature of 180*^. 

Lallien* has ])roposed the volumetric determination of glycerine 
by titration with chameleon, but Liebormauni* has examined both 
Griessmayei* and Lallieii’s ]>rocesse.s, and they apjx^ar to be 
untrustworthy, for the most part giving results too low. It is 
evident that a careful determination of the glycerine in a natural 
wine, and its ]>roportiou to the alcohol pre.sent, combined with 
the percentage of dry extract, will greatly help to solve the 
question as to whether water has, or 1ms not, been added. 

§ 279. 4. Aciiis in Wine , — All wines possess an acid reaction, 
due to acids, which are conveniently divided into volatile and fixed. 
The volatile acid of sound wine, according to Pasteur, never 
exceeds 2 to 3 decigrms. per litre ; in wines a little detei'ioi'ated 
much higher values may be found. Dr. Dupre puts tlio amount 
of volatile acid, expre.ssed in terms of acetic acid, as 0*3 to O’G- 
per cent, by w^cight in volume. About one-fourth of the total 
acidity in white natural wines should bo due to volatile acids, 
and in red and fortified wdnes the volatile sliould not amount to 
more than about one-third of the total acidity. The non-volatile 
acids appear to be chiefly malic and tartaric (sometimes part of 
the tartaric being replaced by succinic) ; the former, according to 
Dupr^, predominating in pure natural wines, and largely so in 

* Bull, Soc. Chim,, xxxiii. 259. 

t Lieberiuami : “ Ueber die Methoden von Griessinayer u. von Lallien znr 
Bestininmng von Glycerin in Bier.*’ Verhandlunym dtit Vereim sur 
BeJorderunj/ des G^cerbftemee^ 1880. 
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fortified liquors ; whilst in plastered wines it is often present to 
the total exclusion of tartaric acid.< 

In artificial wines, it is common enough to find a considerable 
amount of free tartaric acid ; but the mere detection of free 
tartaric acid is not enough to prove adulteration, since this is 
found in small quantity in many natural wines. If, liowever, 
with a small amount of free acid there is a preponderance of 
tartaric acid, then sophistication may be suspected. It has been 
suggested that such free acid may be recovered from the wine 
by agitation with ether, but J. Nessler, in a direct experiment, 
could only recover 3*93 per cent, of the free tartaric acid present 
when the wine was directly treated with ether; 25 per cent, wdien 
the wine was evaporated to a syrup. He recommends the fol- 
lowing processes : — 

The wine is agitated with tartar and divided into two parts, to 
one of which a few drops of concentrated acetate of potassium 
solution is added, and the mixture carefully observed, noticing 
whether any tartar crystals form. Errors are avoided by compar- 
ing the one portion to wliicli a few drops of the jjotassium.acetate 
has been added, with the other portion to which no acetate has been 
added, the separation of the tai*tar crystals being a proof of free 
tartaric acid in the wine. Free sulphuric acid may be detected 
by means of the quinine test described in the article on Vinegar. 

A strip of filter paper steeped for several hours in wine, and 
then dried, is brittle if either acid-potassium-sulphate, or free 
sulphuric acid is present. 

The principal volatile acid is acetic, but it is always accompanied 
by formic, propionic, butyric, and other members of the same series. 
The general method of estimation is to take from 10 to 20 cc. of 
the wine suitably diluted, and titrate with d. n. soda, using 
tincture of logwood as an indicator, the result being the total 
acidity. On now evaporating the wine on the water-bath to a 
syrupy extract, diluting and again titrating, the loss of acidity 
corresponds to the volatile acid, the latter being expressed in terms 
of acetic acid, the non-volatile as tartaric acid. L. Weigert* has 
shown that by distilling in a vacuum, the whole of the acetic 
acid can be obtained ; 40 or 50 cc. of the wine are in this way 
boiled to dryness, water added to the dry residue, and the 
jprocess thrice repeated. 

A very dilFerent and highly ingenious method of diagnosing 
and estimating volatile acids has been proposed by E. Duclaux. 
As this is applicable not to wines alone, but also to beers, sour 
milk, and in fact to all liquids developing acids of the acetic 
series, it will be described at length. 

* Zeitsch. fiir Analyt, Ohemie, 1879, 207. 
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§ 280. JHatiitiation of VoUuUe Acids by the Method of E. Duclaux^ 
— ^Tlio process depends upon the regularity with which the 
different volatile acids distil. If in a retort of from 250 to 300 
cc. be introduced 110 cc. of a mixture of acetic acid and water, 
and 100 cc. (that is be distilled, the quantity of acid which 
has come over is found to be 80 per cent, of the whole, or very 
nearly so. Further, if the 100 cc. be successively titrated, in 
every 10 cc. the successive numbers thus obtained (indicating the 
proportion of acid passing in these equal volumes) are the same, 
whatever m ay be the quantity of acid operated upon, provided 
the acid is pure ; but it varies very sensibly sh<mld there exist even 
feeble traces of the fatty acids. It is then sufficient to study the 
course of the distillation of the acids in order to know their 
nature. In a general way, foreign matters exercise only a slight 
influence; but it is always best to eliminate them as far as possible 
by operating on a first or second distillation. 

For the titration, M. Duclaux uses lime-water standaixlised by 
sulphuric acid. The size of the retort does not exercise the great 
influence which might be expected ; but it is well to use one of 
about 300 cc. cajiacity, for the experiments on which the tables 
are founded were conducted in retorts which varied from between 
250 to 350 cc. The slight difference in the results from a retort 
of 800 cc., as compared with one of 300 cc., may be gathered from 
the following table, which represents the distillation of 110 cc. of 
a dilute acetic acid. 

The two series of numbers, A and B, are obtiiined by titrating 
each 10 cc., until 100 cc. have come over ; the acetic acid in the 
A series being worked out in percentage of the whole acid found 
ill the entire distillate, and that in tlie B series in the quantity of 
acid existing in the retort. 

Estimation of Acetic Acid. 

Ketort of 800 cc. Retort of 300 cc. 



A. 

B. 

A. 

B. 

1. , 

. 7-2 

5*5 

7-4 

5*9 

2. . 

. 147 

IV2 

15*3 

12*2 

3. . 

227 

10*9 

23*5 

187 

4. . 

! ! 31-2 

237 

:i2i 

25*6 

5. . 

. 40-2 

30-6 

41*2. 

32*9 

6. . 

. ' . 49-9 

32*9 

50*9 

40-6 

7. . 

. 60-2 

45*8 

61*3 

48*9 

8. . 

. 71-9 

547 

72*5 

57*9 

9. . 

. 85*3 

64*8 

85*2 

67-9 

10. . 

. 1000 

75*9 

100 0 

79*8 


It would appear that the quantity of acid which vaporises 
at a given moment, is proportional to that which exists in 

30 
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that same moment in the heated liqiud ; and when the quantities 
of water distilled increase in an urithmetical progression, the 
quantities of acid increase in a geometrical progi'<}ssion. 

Let y be the quantity of acid existing at any moment in the 
volume X of tlie liquid remaining in the retort; the quantity of 
acid dy^ which will volatilise with the volume d\ of the liquid 
will be evidently first proportional to t/x and then to y. Thus — 

whence may bo educed (calling y the total weight of acid exist- 
ing at the commencement in the volume L of the li([uid), 

-K(L-a) 


giving 


-.r(L^x) 

//=\> 


Let a be called the quantity Y - y of acid which distils when 

L,a = /=l/ 

Li 

has been removed from the liquid; then we liave 

The following table shows that acetic acid obeys this law ; the 
figures in the second column are calculated by the formula 





a found, a 

calculated. 


a found. 

a calculated 

1. 

ryO 

52 

S' 

. 40*5 

40*5 

o 

. 12-2 

12-2 

7. 

. 487 

487 


. 18-8 

187 

8. 

. 57*0 

57-8 

4. 

. 25-6 

25*4 

9. 

. 677 

CC’O 

5. 

. 32*9 

327 ! 

10. 

. 79'8 

76*3 


Butyric acid obeys the, same law; but it lias a method of dis- 
tillation in some sense inverse to that of acetic acid, and passes 
in grimier abundance in the first portions. The following table 
gives the experimental and the calculated numbers found in 
distilling a mixture of butyric acid and water, in the manner 
before described. 

The formula for calculation is — 
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A. 

B. 

B calculated* 

1. 


16*8 

16*1 

16*8 

2 . 


31-9 

3M 

31*4 

:i. 


454 

44*3 

44*4 

4. 


57*7 

56*1 

55*8 

r>. 


07*9 

60*2 

66*1 

0. 


77*2 

75*3 

75*1 

7. 


850 

82*9 

83*2 

8. 


91*4 

89*2 

90*3 

9. 


9C*4 

94*0 

90 *(5 

10. 


. 1000 

97*5 

102*4 


It is thus seen that the numbers are very different from those 
of acetic acid, and that nearly the wliole of the acid is obtained. 
Propionic acid . — Formula for calculation — 


»«= 357^1 



A. 

B. 

B calculated. 

1. 

11 *.3 

10*5 

10*8 

2 , 

22*8 

21 1 

21*4 

3! ! ! 

.‘HQ 

31*5 

31*5 

4. 

44*0 

. 41*4 

41*4 

5. 

55*3 

51 *3 

51*1 

0. 

05*4 

00*() 

00*3 

7. 

74*7 

69*5 

09*3 

8 . 

84*0 

78*0 

78*0 

9. 

92*5 

85*8 

86*5 

30. 

100*0 

92*8 

95*3 

Valerianic Acid , — 

B. 


B. 

1 . 

24*5 1 

1 (1 

85*7 

2. 

44*5 1 

1 7. 

89*7 

3. 

59*5 

8. 

92*8 

4. 

71*3 1 

9. 

95*4 

5. 

79*5 1 

10. 

96*9 


Fornm Acid , — 


1. 

2 , 

X 

4. 

5. 

0 . 

7. 

8 , 

9. 

10 . 


/=30-2 


A. 

B. 

B calculated. 

5*5 

3*5 

35 

11*9 

7 0 

7*3 

18*5 

11*8 

11*6 

25*7 

16*3 

16-3 

.34*0 

21*6 

21*6 

43*1 

27*3 

27*5 

53*1 

33*7 

341 

65*2 

41*4 

41*4 

79*8 

50*7 

49*7 

1000 

63*5 

58*8 
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Passing from the single acids to the behaviour of mixed vola- 
tile acids^ it is found that each acid distils in the same proportion 
as if it existed individually in the liquid. Thus Duclaux found 
a mixture of equivalent quantities of butyric and acetic acids 


behave as follows :■ 

A. 

B. 

B calculatcKl. 

1. 


12-7 

11*4 

11-4 

2. 


24-8 

22*1 

221 

s! 


85*9 

32*0 

;121 

4. 


46*4 

41*4 

41-G 

5. 


56-3 

50*3 

50*5 

6. 


65*7 

5S*G 

58*9 

4 . 


74-5 

6G*4 

67*0 

8. 


83-1 

74*1 

74*4 

9. 


91*4 

81*6 

82*2 

10. 


100*0 

89*3 

90*0 

A mixture of 2 of butyric 
gave the following series : — 

A. 

to 1 of acetic 

B. 

acid, when dLstilled 

B calculated. 

1. 


14*0 

12 8 

12*8 

2. 


2G1 

25*1 

24*8 

3 . 


35*5 

3G-2 

35*9 

4, 


50*8 

46*4 

46*1 

5. 


GO *6 

55*5 

55*3 

6 . 


69*8 

03*9 

63*9 

•w 

/• 


78*4 

71*7 

71*8 

8. 


8G0 

78*7 

79*1 

9. 


93*1 

85*2 

85*0 

10. 


1000 

91*6 

92*0 


Hence it follows, tiiat it is possible to ol)taiii froiii fractional 
distillation a knowledge of the nature and quantity of the volatile 
acids existing in the liquid. Theoi'otically, ten ditferent equa- 
tions might be educed, and ten volatile acids determined ; but 
in practice this is not possible ; and should there be oven three 
volatile acids, it is better to make a new distillation after a partial 
saturation, which will almost completely arfcst one of the acids, 
and let only two pass into the receiver. 

As an example of the method of calculation, the following 
table gives the results of the distillation of a certain wine, A and 
B having the same signification as before : — 



A. 

B. 

M. 

N. 

1. 

9*6 

8*G 

1*2 

3*2 

2. 

19*2 

17*3 

1*1 

3*1 

3. 

28*8 

26*0 

1*0 

3*0 

4. 

38*4 

34-7 

1*0 

2*8 

5. 

48*2 

43*5 

1*0 

2*5 

6 . 

. . 57*9 

52*2 

1*0 

2*5 

7. 

67*8 

61*1 

1*0 

2*2 

8. 

. 77*9 

70*2 

1*0 

2*1 

9. 

. . 88*6 

79*9 

1*0 

1*6 

10. 

. * . 100 0 

90*2 

1*1 

1*3 
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From the B series there should be acetic acid mixed with 
either propionic or biitjrici acids. In order to know which of 
the two is present, a double calculation is necessary. Turning 
to the tables giving the numbers obtained for the first 10 cc. in 
the distillation of pure acetic and pure propionic acids (pp. 450 
and 451), we find for the former 5*2, for the latter 10*5 * then, 
by the following equation, the numbers in the column M are 
obtained — 


8*6a; f y -- 5*2.c 4* 10*5y 


V 

X 


- 1*2 


Analogous calculations give for -- the series of numbers con- 
ic 

tained in N, if butyric acid is thought to be present ; it now 
becomes evident, that the mixture was formed of equivalent 
parts of acetic and propionic acid. In order, however, to avoid 
long calculations, it is better to make tables of reference with 
various mixtures, so tliat in most experiments the quantities will 
fall somewhere near those given in the tables, and at all events 
bo a guide. In the following tables A and B have the same 
signification as before, and 110 cc. are supposed to be distilled in 
the manner described, in a retort of about 300 cc. capacity : — 


TABLE XLVI. — Mixtures of Acetic Acid (a) and Propionic 
Acid (/«). 




rt f:6S 2 ' 

a m 1 



m 32fi 1 : 

m 3J6 ’ 1 



A. 

" ' A 1 

F.. 1 

r 

A. 

B. 

1 . . 


9*1 

7-7 ! 

9*7 

8*5 

2 . . 


18*4 

15*6 

19*4 

17*0 

3 . . 


27*8 

23*6 

29*2 

25*6 

4 . . 


37*3 

31*6 

38*9 

34*1 

5 . . 


46-0 

39-8 

48-6 

42*7 

ih 



48*0 

58*6 

51*4 

7 . . 



56*5 

68*5 

H9H 

8 . . 



65*2 

78*6 

68*9 

9 . . 



74*6 

89*1 

78*2 

10 . . 



84*8 

100*0 

87-7 


TABLE XLVIL— A Mixture op Acetic (a), and Butyric Acid (h). 
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|100*0 81-0 100* 81-7 lOO- | 83*4 ;100* I 83*3 llOO- I S5*S jlOO- j 89.3 100- : 91*6 100* 93*8 
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TABLE XLVIIl.— Mixtures of Acetic Acid (a), or op Butyric 
Acid (6), with Valerianic Acid (v). 


1 

n 


a 

r, 

h 201 r> 

1 

V m 1 

V 

230 4 

V '£u 

0 4 

i 

! 

A. 

B. 

A, 

B. 

A. 

B. 

]. . . 

IM 

9 1 

16-3 

, 14-3 

20*G 

20*0 

o 

20*8 

17 '2 

30*3 

; 26*5 

38*3 

37 0 

i . . 

30-.5 

25 1 

42*4 

■ 37*0 

52 9 

51*0 

4. . . 

39-9 

32*8 

52*5 

^ 45*9 

64*6 

62*4 

5. . . 

48-0 

40 3 

01 3 

53*6 

74*5 

71*9 

0. 

57-9 

47*7 

GO *3 

60*5 

82*1 

79*3 

7. . . 

C7-2 

55*4 

76*0 

i 66*9 

88*2 

85*2 

8. . . 

77-0 

03*4 

84*0 

73*4 

93*2 

900 

9. . . 

87 -5 

72*2 

91 5 

80*0 

96*9 

93*3 

10. . . 

100-0 

82*4 

100*0 

^ 87*4 

100*0 

96*8 


TABLE XLIX. —Mixtures of Acetic Acn> (<i) with Formic Acid (/). 





a 503 2 

a *200 

. 1 

a 200 _ 1 




/ 5ft 

3 1 

/ lOJ 

I 

/ Wt) 2 
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A. 

B. 

A. 

B. 

A. 

B. 

1. 



6-6 

4*9 

G1 i 

4*3 

GO 

4*1 

2. 



14*0 

10*4 

13*5 i 

9*5 

13*2 

9*2 

3. 



22*1 

16*3 

21*1 ! 

14*8 

20*6 

14*3 

4. 


• i 

30*2 

22*3 

28*9 i 

20*3 

28*0 

19*9 

5. 



39*1 

28*9 

37-8 i 

2G*6 1 

37*1 

25*7 

6 . 


. 

48*5 

35*9 

43*8 i 

33*0 1 

46*4 

32*2 

7. 



59*2 

43*8 

57-2 i 

40*3 

56*5 

39*3 

8. 



70*6 

.52*3 

GS*9 ! 

48*5 

68*4 

47*5 

9. 



83*8 

G2*0 

82*7 I 

58*2 

81*9 

56*9 

10. 



100*0 

74 1) 

100*0 » 

70*4 

100*0 

69*4 

.. 


It now only remains to apply the preceding principles to the 
examination of wines. 275, or 650, or 825 cc., according as the 
wine is more or less rich in alcohol, is agitated strongly (or a 
current of air passed through the liquid), in order to free it from 
carbonic acid gas. It is next distilled to ten-elevenths, air 
drawn through the apparatus, and the distillate titrated by lime- 
water. A slight excess of lime-water is next added, and the 
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liquid is concentratetl by evaporation to about 250 cc., in order 
to get rid of the alcohol ; 1 grm. of, glycerine is now added, and 
sufficient tartaric acid to put the fatty acids at liberty. 

The tartrate of lime is allowed to crystallise, and the liquid 
decanted and made up with the washing water to 275 cc., after 
having added sufficient tartaric acid to ensure that on completion 
of the distillation, the residue will be nearly as acid as at the 
end of the first operation — 1 grm. of tartaric acid litre suffices 
for this. The liquid is now distilled anew to ten-elevenths, and 
the whole distillate titrated ; the relation between the quantity 
of lime-water necessary now, and that of the first saturation, 
will serve to show the quantity of volatile acid existing in the 
wine in question. 

This new liquid is submitted to the same operations as before, 
adding nothing .save the quantity of tartaric acid exactly 
necessary. The acid liquid is made up to 165 cc., of which 150 
ca are distilled over, 50 cc. out of the 150 cc. are titrated, the 
remaining 100 are made up to 110 cc. with water, and submitted 
to fractional distillation, titrating every 10 cc. of the distillate. 
The numbers found will conduct directly, by a simjde calculation, 
to the knowledge of the quantity and nature of the volatile acids 
in the wine. Thus, taking a wune, the results of the distillation 
of which are given in a tabular form at p. 452 : — 

275 cc. of this wine were distilled to 250 cc. ; these 250 cc. re- 
quired for neutralisation 316 cc. of lime-water of 30*6 [i.e., 30-6 cc. 
= 0*075 acid acetic] ; the second distillation has given 83*2 per cent, 
of the acid employed. Hence, for 275 cc. 

100 

316 cc. X = 379 cc. of lime-water. 

263 

The third and last distillation showed in tfie liquid equal parts 
of acetic and propionic acids ; the proportions in which these acids 
pass over are, as has been shown, i hence the third and last 
distillate will contain 51 ’2 per cent, of the total acetic acid present 
in the wine, and 80*4 per cent, of the total propionic acid, f”*/" 
in equivalents 100 to 637 propionic acid, or therefore of 
379 cc. or 231 cc. was neutralised by acetic acid, and the 
remainder by propionic. 

In order to discover, by this method, valerianic acid, which, 
it would appear, exists in many sound wines (in about the 
proportion of 6 mgrms. per litre), it is necessary to distil a con- 
siderable quantity of wine, and then to saturate the distillate 
to nine-tenths or nineteen-twentieths. In this way, acetic and 
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valerianic acid pass almost alone into the receiver. For 
instance, 7*7 litres of the wi»e alluded to before (p. 452) were 
distilled, and 10 grms. of lime salts obtained ; sulphuric acid was 
added, representing nearly one-fortieth of the lime salt, and then 
the partial ly-decomposed salt distilled, when the following numbers 
were obtained : — 



A. 

u. 

a 

V 

1. . 

. 10-5 

8-7 

6-1 

2. . 

. 20*5 

16*9 

6*1 

3. . 

. 20*3 

24-1 

6*8 

4. . 

. 381 

31*4 

6*9 

5. . 

. 46-8 

38-6 

7-2 

f). . 

. i>5(> 

45*9 

7-5 

7. . 

. 64-8 

53*4 

7-4 

8. . 

. 75*2 

62 0 

7 '5 

It . 

. SO-6 

71-4 

6*5 

10. . 

. 1000 

82*4 

tJO 


The numbers in the columns A and I> correspond in no way 
to mixtures of acetic acid with butyric or jiropionic. With 
valerianic acid, on the contrary, there is a relation constant 
enough, as the fourth column shows, the slight iiTegularities 
arising probably from a trace of butyric acid. 

§ 281. Eslinuition of Tartaric Acid and B (tartrate of Potash , — 
This is best estimated by the method suggested by Berthelot : — 
20 cc. of wine are mixed with 100 cc. of equal volumes of alcohol 
and ether in a well-stoppered flask. The same process is employed 
to another 20 cc., but with the addition of potash in sufficient 
quantity to neutralise about one-flfth of the free acid present. 
Both bottles are allowed to stand two or three days, and at the 
end of the time, owing to the insolubility of bitartiute of 
potash in strong alcohol, there will be a deposit of that salt in 
both bottles. The firat will represent the bitartrate of potash 
present as such \ the second, the whole of the tartaric acid which 
the wine contains. There is, however, always a small quantity of 
bitartrate in solution, about *004 gim., equalling *21 d. n. soda, 
and this amount must be added to that found. The precipitates 
from both bottles are collected on separate filters, washed with 
the alcohol-ether mixture, dissolved in water, and titrated with 
soda solution. 

Direct EstinuUion of Malic Acid , — 100 cc. of wine are precipi- 
tated with lime-water, added only in slight excess ; the filtrate 
is evaporated down to one-half, and absolute alcohol added in 
excess ; the resulting precipitate, consisting of malate and sul- 
phate of lime, is then collected on a filter, washed, and weighed. 
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If, now, the sulphate of lime iu this sample be estimated by 
eolution in water, and precipita^ou of the sulphuric acid by 
baric chloride, (fee., and the amount subtracted from the total 
weight of the precipitate, the remainder equals malate of 
lime. 

5. Estimation o f Ethers in Wine . — The compound ethers in wine 
may be divided into volatile and non-volatile. It is especially 
the volatile ethers that impart a character to the wine, and give 
it bouquet and odour. The proportion of volatile to fixed ethers 
is very small in unfortified wines, but the reverse is the case 
with fox*tified wines. The total amount of ethers is extremely 
small ; Dr. Dupre gives about one part of compound ether in 300 
parts of wine as the highest proportion lie has yet met with. The 
ethei's themselves are, of course, derived from conversion of 
the alcohols, the ultimate amount depending entirely on the 
relative proportion of alcohols, acid, and water present, and 
not being dependent on the nature of the alcohols or acids. 
If, as sometimes hajipeils, an excess of compound ether is 
added to a wine, decomposition will at once begin, until 
ultimately the wine will contain no more than it w'ould other- 
wise have reached in the natural order of things. An esti- 
mation of the ethers is, therefore, of the greatest possible import- 
ance, as it enables the analyst to judge of the age, character, &c., 
of the wine. 

Berthelot has given the following formula for the calculation 
of the amount of alcohol present in the compound ethers of 
wine : — 


y-^Vn A +2-8 
*“100 

A is the pfercentage of alcohol by weight in the wine; a the 
amount of alcohol equivalent to the total free acid (reckoned 
as acetic) contained in 1 litre. It hence follows that if the 
amount of alcohol present as ether, found by experiment, fairly 
agrees with the calculated amount, etherification is com- 
I>lete, and the wine must be of a certain ago ; if the compound 
.ethers exceed the proper amount, the probability is that 
it is an artificial wine ; and, lastly, if the amount of ethers is 
below the theoretical standard, either etherification is not 
complete, on account of its yoxith, or alcohol has been recently 
added. 

Dr. Dupr6, taking advantage of the fact that all ethers (when 
treated with an alkali) break up into their respective acid and 
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alcohol, indirectly estimates both the volatile and non-volatile 
ethers as follows : — # 

250 cc. of wine are distilled, with special precautions against 
loss, until 200 cc. have come over ; the distillate is now made up 
to 250 cc., and 100 cc. of this titrated. Another 100 cc. are 
decomposed by alkali (a known amount), and again titrated. 
The second 100 cc. will, of course, be more acid than the first, 
and tlierefore the amount of volatile ether can be estimated from 
such increase. The fixed ether is determined by evaporating 
down to 50 or GO cc. in an open dish on the water-bath ; the 
residue, which, of course, contains no alcohol^ is rendered alkaline 
with sodium hydrate, some tannin added, and the whole slowly 
distilled ; the fixed ether present is resolved into an acid and an 
alcoliol, and the latter distilled over ; the distillate is rendered 
slightly acid by sulphuric acid, redistilled, and the second dis- 
tillate (which may amount to 20 or 25 cc.) oxidised into acetic 
acid in a closed flask by potassic bichromate ; the acetic acid is 
distilled over and titrated. 

6. The TJstiniatioii of Sugar in Wine is carried out on the prin- 
ciples described at j>. 113 et seg. 

7. Albuminoid Substances. — The albuminoid substances in wine 
may be estimated by Mr. Wanklyn’s well-known ammonia 
process : — 5 cc. of the wine are put in a half-litre flask, and 
made up with water to 500 cc. : y (/.^., 5 cc.) of this is distilled 
with a little water and pure carbonate of soda (ammonia free), 
and the ammonia in the distillate estimated by the colorimetric 
process known as Nesslerising. An alkaline solution of per- 
manganate of potasli is then added, and the operation repeated — 
the ammonia coming over now being the result of tlie breaking- 
uj) of albuminoid bodies. It would appear that in white wines, 
the albuminous matters are very small in amount ; while in red, 
and most young wines, there is an excess of albuminous matters, 
which decreases with age ; hence, in experienced hands, a deter- 
mination of this kind may help to distinguish between old and 
new. 

Tliudichum and Dupr^ found in certain wines the following 
amounts of ammonia : — 


Tngelheimer, red, . 

Port, 1851, . 

8herry, 30 years in bottle, 
Madeira, 

Merstemer, . 

Natural Port, 

Port, 1865, ... 


Ammonia free. 

Per cent. 
0fK)r>l 
0-0046 
0 0073 
0 0021 
0*0021 
0*0019 
0*0012 


Ammonia albd. 

Per cent. 
0*3730 
0*0888 
0*1807 
0*1581 
0*3550 
0*0527 
0*1760 
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8. The tannin of wine may be estimated by the methods 
described at p. 332 et seq. 

§ 282. 9. Estimation of the Colouring-matter of Wine . — Tlio 
colouring-matter of red wines has been termed oenoliny or 
oenocyanin, and has also received other names. Glenard has 
assigned to it the formula C^oHiqOs; but it is doubtful whether 
it has ever yet been separated in a state of absolute purity. 
The process used by Glenard was — precipitation with lead 
acetate, exhaustion of the washed, dried, and powdered precipi- 
tate, first, with anhydrous ether saturated with HCl, then with 
pure ether; and, lastly, extraction with alcohol, from which the 
osnolin was obtained by evaporation as a bluish-black powder 
insoluble in other, almost insoluble in pure water, but more 
readily dissolved in acidulated water, acidulated alcohol dis- 
solving it easily. Tlic blue colour is turned red by acid. 
GSnolin, according to Vaserine,* may be separated from wine 
by mixing the latter with lime to the consistency of a paste, 
which is drained on a funnel. The residue, containing the 
colouring-matter, is mixed with alcohol of 95 per cent., and 
treated with sufficient sulphuric acid to neutralise the lime and 
decompose tlie compound of lime with the colouring-matter. 
The solution is filtered from calcium sulphate, and on evaporation 
leaves cenolin as a black powder. Solutions of amolin show, 
when examined by the spectroscope, cei*tain bands, and the 
application of this instrument to the invcjstigation of wines is 
indispensable. In no case, however, should the analyst trust 
entirely to descriptions or plates; the only safe course is to 
have in readiness tinctui'es of colon ring-mattei’S of different 
strength and different ages, as well as samples of wine artificially 
coloured. 

The colour of white wines is due to oxidised tannin ; it takes 
long to develop; hence the manufacturer not unfrequently adds 
a little caramel. Should this be the only addition, it would be 
injudicious to consider the wine adulterated. 

The artificial colouring of wines by elder-berry, logwood, 
cochineal, aniline, <E:c.,t is said to exist, at all events, on the 


* Bull. Soc. Chim. [2], xxix. 109, 110. 

t Soubeiran says: Fismes, in the neighbourhood of Bhcims, there 

has been manufactured for more than a century (since 1741) a colouring 
agent composed of elder-berries, alum, and water, in different proix>rtions, 
tbe prolonged use of which can only have injurious consequeuoes on the 
health, on account of the alntn. Unfortunately, tbe proauction of this 
colouring agent (telnte) was encouraged by a royal decree of 1781. . . . 

llecent analyses have shown that this Uqueur de Fismes contains from 20*8 
to 57*56 grms. i»er litre of alum. — “ Diet, des Falsifications.” Paris, 1874. 
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Continent; and it is a fact that a few lioine-made, low-piiced, 
wines, almost entirely fictiti(^us, are j^assed olf by the aid of 
the same or similar substances; but with regard to the ordinary 
foreign wines in English commerce, there is no reliable evidence 
whatever that any adulteration of this kind lias been practised. 
Nevertheless, it is absolutely necessary to be acquainted with 
the best and most recent methods for the discovery of such 
frauds. 

Dr. Diipre, taking advantage of the fact that the colouring- 
matter of wine* only dialyses to a minute extent, and that 
the colouring-matters of Bmzil, logwood and cochineal readily 
dialyse, separates the latter colouring-matters from the wine by 
dialysis. The same chemist has suggested a still more convenient 
and practical process— viz., the staining of a jelly. The jelly is 
made by dissolving 5 gi ms. of gelatine in 100 cc. of warm water, 
and pouring the solution into a square flat mould made of paper. 
From this cake cubes about ^ inch square are cut with a sharp 
wet knife, and are immersed in the wine, taken out after 
the lapse of from tw’cnty-four to forty-eight hours, washed 
slightly, and sections cut, in order to see how far the colouring 
principles have penetrated. If the wine is pure, the colour will 
bo confined almost entirely to tlje edges of the slice, or will not 
have penetrated beyond to J- incli; most other colouring- 
matters rapidly permeate and colour the jelly. 


(1.) Colouring-viatters 2)emtrati7i'g sloioly into tliejdly: 


Colouring-matter of pure wine. 

„ „ Rhatany root. 

(2.) Colourhig^matters jTeiielratiny rupidly into the jelly : 


Rosaniline. 

Cochineal. 

Logwood. 

Brazil-wood, 

Indigo. 


Litmus. 

Red Cabbage. 
Beetroot. 

Malva sylvestris. 
Althea officinalis. 


The jelly may be examined spectroscopically, good results 
being obtained in the case of rosaniline, red cabbage, and beet- 
root; and may be also tested with reagents — e,g,y dilute ammonia 
dissolves much colour from the slice, if tlie colour should be 
derived from logwood or cochineal; on the other hand, the 

* The colouring-matter of Hhatany root has the same property. 
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ammonia remains colourless in the case of rosanilinc, red cabbage, 
and beetroot. t 

A simple method for the detection of certain colouring-matters 
is that of Lammatine: — Shake 100 parts of the wine with 100 
of coarsely-powdered })eroxule of manganese, and then pass 
through a double filter; if pure, a colourless filtrate will result. 
The process is said to answer well in the case of logwood and 
cochineal, but to fail with aniline. 

A genenil method, applictible to fucshine and other colouring- 
matters, is based upon the fiict that a great many of the colour- 
ing-matters which may be used for purposes of wine adultei*ation 
(such as caramels, ammoniacal cochineal, sulphindigotic acid, 
logwood, and the lichen reds), are precipitated by acetate of 
lead; whilst fuchsine, if present in considerable quantity, is 
only partially thrown down. Those which are not ])recipi- 
tated may be separated by agitating the filtrate with amyl 
alcohol. 

The lead precipitate may be treated by dissolving out cochi- 
neal, sulphindigotic acid, and fuchsine, by a solution of jiotassic 
carbonate [2 : 100]. From this liquid the fuchsine is separated 
by neutralisation with acetic acid and agitation with amyl 
alcohol, the rose-coloured liquid obtained being identified as a 
solution of fuchsine by the spcctx'oscope. On now acidifying 
the liquid with sulphuric acid, the carminamic acid from the 
cochineal is removed by means of amyl alcoliol, and identified 
by its three bands — viz., one between D and E in the red, tli© 
second in the green, and the third in the blue. Tlie indigo 
remaining may be detected by the blue colour, and absorption- 
band between C and D. The original lead-precipitate, insoluble 
in potassic carbonate, is treated with a two per cent, solution of 
potassium sulpliide, which dissolves the colouring-matter of 
logwood and that of the wine itself. ^ Logwood may, however, 
be tested for directly in the wine by the addition of calcium 
carbonate and two or three drops of lime-water. In the case 
of a natural wine, the filtered liquid is almost colourless, but 
is of a fine red colour if logwood is present. Lastly, the lichen 
red may be obtained by washing the insoluble portion left after 
treatment with potassium sulphide, and dissolving it in alcohol, 
when a red colour and a definite absorption-band reveal its 
presence. 

For the detection of fuchsine simply, Bouillon {jCompUs rendus^ 
Ixxxiii. 858, 859) recommends half a litre of the wine to be 
evaporated down to 120 cc., with tlie addition of 20 grms. of 
barium hydrate. It is then filtered, and the filtrate shaken up 
with ether;, the ether is separated, a drop of acetic acid, a little 
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water, and a small piece of white silk, are added, and (if an 
appreciable amount of fuchsine is present) the silk assumes a 
pink colour immediately; if not, the liquid must be concentrated 
nearly to dryness. 

F. Kbnig* has a ]>rocess for detecting fuchsine : 50 cc. of the 
wine arc treated with aminoiiia in slight excess, and boiled with 
a little pure wool [*5 until all the alcohol and ammonia 

are evaporated. The wool is washed and directly moistened 
with strong potash, and heated until it dissolves into a more 
or less brown fluid. After cooling, to this is added half its 
volume of pure alcohol, and then an equal volume of ether; it 
is strongly shaken. The smallest trace of fuchsine is taken up by 
the ether, and is coloured red by acetic acid. 0*4 lugrm. fuchsine 
in a litre of wine is said by this means to be discovered readily. 
The process destroys the natural colour of the wine. 

§ 283. Vogel and others have studied the detection of the 
colouring-inatt(irs of wine by means of 
the spectroscope. 

The following curves are ijxamples 
of various colouring-matters (see fli; 

45) 

No. 37. Wine colouring - matter, 

(1.) pure, (II.) diluted. 

No. 38. Wine colouring - matter, 
with ammonia. 

No. 39. (I.) Mallow colouring - 
matter conceiitrateil, (If.) elderbei’ry 
concentrated. 

No. 40. Acid cherry, (b) Acid cherry with the addition of 
tannin. 

No. 41. Mallow colouring-matter with the addition of alum. 

No. 42. Indigo solution. 

With cai’ofully made comparison solutions, there can be 
little doubt that the si>ectroscopical method of identifying 
colouring-matters will be found of great value* 

Lastly, M. A. Gautierf has proposed a method aiming at a 
systematic detection of every probable colouring-matter likely 
to be added to wine. How far the whole, or any portion, of this 
elaborate system w'ill be followed and confirmed by chemists 
remains to be seen. 

The following abstract of M. (xautier’s paper is taken from 
the Analyst^ i., 1877 : — 



Fig. 4o. 


Bcr, di r dndAch. C/tem, OeselUch, , BerUny xiii. 22G3. 
+ BulL Cfiim* 
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Qad^ibr’s Process for 1>etecti.ng Coloukin^g-Mattfes 
IN^WlKS. ‘ ■''' 

§ Preiinmiaiy Preparatioyt qf lite Sample* — The vv'ine to 
be examined is mixed with one-^tentb its volume of white*of-egg 
gpeviously diluted with one and a half times its bulk of water, 
well shaken, and, after standing, for half an hour, filtered. If 
th^p wine is very poor in tannates, a few drops of a fresh aqueous 
solution of tannin should be added previoui^ to the agitation with 
albumen. The filtrate is treated \H.tt dilqte sodium bicarbonate 
until its reaction is verf/ feebly acid. All the reactions of ^able 
B. must be made on this liquid, excei>t those for indigo, which 
executed upon the albuminous preci]>itate. 


; Table B. — systematic process to be followed for the detec- 
tion OP the nature of foreign colouring-matters 
ADDED to wines. 

A, Having placed aside the filtrate from the albuminous pre- 
cipitate, the precipitate is washed until the washings are almost 
colourless. 

Two cases may present themselves : — 

(a.) The precipitate after washing remains wine-coloured, lilac, 
or maroon; tmte^ Tuztural, or adulterated tmUi, the greater part of 
the svheUmcea usvaUy employed. Pass on to C. 

(6.) The precipitate is of a very deep wine-colour, violet-blue, 
or bluish; wines from the deepest coloured grapes, or vnnes coloured 
with indigo. Proceed to B. 

B, The precipitate is washed with water, then with alcohol of 
25 per cent., a part is then removed and boiled with alcohol of 
^ per cent. 

(cl) The filtrate is rose, or wine-coloured, A porjbion of the 
precipitate is removed from the filter, suspendeck -water, and 
carefully saturated with dilute potassium carbonate. The colour 
changes to brown or blackish-brown; na^rai wines, or adidterated 
with subsjtances other titan Pass to 0* 

(b,) The filtrate is -A, jmrtibn of the precipitate sus- 
pended in water and treated with dilute potassium carbonate 
affords a deep blue liquid, which changes to yellow by an excess 
of the reagent. ^ Various preparations of indigo* Indigo. 

0. 2 cc. of wine are treated with 6 to 8 cc of a ^^solutiOn of 
sodium carboiiate, which must bo added in slight excess (1 cc.) 
after the change of CO * 
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(a.) The liquid becomes lilacy or violet^ sometimes the %u|d 
becoj^es only winey, or dashed with violet. Brazil-wood^ eochvwalf 
Pori^al henieSf fui^m . . . . unnes of certain sortoyfr^ 

beetrooty logwood^ both, eldersy wliorilehernes (myrtille), Poriibgal 
b&rrieB. Pass to D. 

(&.) The liquid becomes bluish-green, sometimes with a faint 
lilac tint, winey hollyhocky privety toAorrfeferrtea, logwoody Portfugol 
herriesy fuchsim. Pass to M. 

(c.) The liquid becomes greenish-yellow without any blue or 
violet, beetroot ^old or fermented decoction), whortleberrieSy certain 
rare varieties of wine. Pass to L. 

D. The liquid C. (a.) is heated to boiling. 

(a.) The liquid remains wine-violet, rose, or wine-lilac, or 
becomes a brighter lilac ; logwood, Brazibv^oody cochineal y certaii^ 
varieties ofioine. Pass to E. 

(6.) The colour disappears, or changes to a yellow, or maroon, 
or reddish tint, loine, fuchsiney both dders; whortleherrieSy Portugal 
berriesy fresh-beetroot. Pass to F. 

E. Treat 4 cc. of the wine with 2 cc. of each of a 10 per cent, 
solution of alum, and a 10 per cent, solution of crystallised 
sodium carbonate. Filter. 

(a.) Clear yellowish -green lake (which may be bluish from 
mixtures of wines containing maroon), filtrate colourless, becom- 
ing very slightly yellow on warming; its own volume of 
aluminium acetate at 2^ B. almost ♦holly decolourises it. On 
acidification with acetic acid, after treatment with its own 
volume of barium-hydrate (saturated solution), the wine becomes 
clear greenish-yellow or maroon, or mixed wines. See 

Table A. 

(6.) Greenish-blue lake, or dirty yellowish-green, according to 
the varieties present, sometimes very slightly winey. Filtrate 
bright-rose, gradually decolourised on warming, though retaining 
a tinge of lilac; not decoloui’ised by lime-water in the cold. 
Cochineal, 

(c.) Winey-violet lake, which darkens on exposure to the 
Filtrate bottle-green, or grey faintly red (if much logwood is 
presen^i The filtrate becomes green on warming. Logwood. 

(cZ.) Lilac, or maroon-lilac lake. Filtmte greyish with tint ol 
njaroon. On boiling, thif filtrate becomes fine old-wine coloured. 
Brazil-wood. 

‘ F. Treat 4 cc. of the wine with alum and sodium carbonite 
(fiiB explained at E,), add to ilhe mixture two or three drops of 
very dilute sodidm carbonate, and filter. 

{a.) The filtrateis lilac or winey, Portugal berrieSy freeh heetrooU 
Pass to G. 
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(6.) The filtrate is bottle-green, or reddish-green, winey fuchsimy 
Hack ddeTy idiortleberriesy beetroot, JPass to H. 

G. Treat 2 ca of the wine with snbacetate of lead solntion, of 
densitj 15® B. Shake. Filter. 

(a.) The filtrate is rose, which persists even when made slightly 
alkaline ; it slowly disappears on boiling. Lime-water destroys 
* the rose colour. Portuoal Berries. 

(b,) The filti*ate is yellowish, or brownish-ted. Fresh Beet- 
root. 

H. The alum-lake obtained from F. (5.) is — • 

(a.) Deep blue. On treating the clarified wine with a few 
drops of aluminium acetate solution, it becomes a decided violet, 
or wine violet. Both elders. Pass to I. 

(6.) Bluish-green, green, or faintly rose-tinted, wine whortlc- 
berrieSy beetrooty /ttclisine. Pass to J. 

I. After the test H. (a.) treat a fresh quantity of 2 ec. with 
1‘5 to 2 cc. (according to its acidity and the depth of its colour) 
of an 8 per cent, solution of sodium bicarbonate charged with 
carbonic acid. 

(a.) The liquid remains lilac for a moment, then changes to 
gi'eenish-grey blue. Another specimen treated with sodium 
carbonate (according to C.), and heated to boiling, becomes dark 
gi-eenish-grey. Black Elder. 

(5.) The liquid retains a lilac tint, or becomes grey with 
mixture of maroon, or diAy lilac. Another specimen treated 
with sodium carbonate (as at C.) tends to discolour on heating, 
the green being replaced by red. Dwarf Elder. 

J. Treat 6 cc. of the clarified wine with a slight excess of 
ammonia, heat to boiling, and after cooling shake with 10 cc, of 
ether, decant and evaporate the ether, and treat the residue left 
on evaporation with acetic acid. 

(a,) The liquid becomes red. Fuchsine. 

(5.) The liquid does not become red, winSy whortleberriesy /resh 
beetroot. Pass to K. 

K. Another specimen is treated according to C. with sodium 
cai*bonate. 

(a.) The colour darkens or becomes red on heating, whortle- 
berriesy fresh beetroot. Pass to L. 

(6.) The greenish or bluish-green liquid, possibly having a 
winey tinge, has a tendency to discolour on heating. Natural 
wine. 

L. Treated with sodium bicarbonate according -to the rules 
given at I. 

(a.) The liquid is deep grey, slightly greenish, green, some- 
times green with very slight lilac tint. 
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The clarified wine^ treated with an equal volume of saturated 
biiryta water, and filtered afte^ standing for fifteen minutes, gives 
a dirty yellow, or slightly greenish filtrate. 

With an equal volume of aluminium acetate of 2® B. it gives a 
lilac wine-coloured filtrate. 

With a few drops of aluminate of potash no change of colour. 
With sodium carbonate, employed as at C., the liquid tends to 
lose its colour on heating. With barium peroxide, used accord- 
ing to Table A, column P, the liquid is faintly rose-tinted, with 
or without an orange-coloured deposit on the barium peroxide. 
Natural Wine. 

With the general characters above indicated, if with baryta 
water it affords a madeira-coloured filtrate, changing to buff on 
acidulation with acetic acid ; if with borax it becomes deep-green 
with a bluish cast ; if with alum and sodium carbonate (as at £) 
a precipitate falls of a deep bottle-green, with bluish tinge, and if 
with aluminium acetate it remains rose-coloured with no change 
to violet-blue. Teinturier. 

(6.) The liquid is reddish-yellow or brown-lilaa By treat- 
ment with acetate of alumina the filtrate is clear lilaa With a 
few drops of aluminate of potash the colour becomes that of the 
skin of an onion, and with a larger quantity of the reagent the 
colour is green, tinged with maroon. With sodium carbonate 
(employed as at C.) the fluid passes to yellowish or greyish-yellow, 
with tinge of red. With barium peroxide, flesh-coloured liquid 
with considerable orange-coloured deposit in contact with the 
peroxide. Beetroot, femnented or Qwt, 

(<?.) The liquid is ycllowisli-grey, with tinge of green or red. 
With baryta water the filtrate is yellowish olive-green. With 
aluminium acetate the filtrate is bluish-violet, or violet-lilaa 
With aluminate of potash, fresh rose, becoming yellowish-green, 
with an excess of reagent. With sodium carbonate (as at C.) the 
fluid becomes deep grey on heating. With barium peroxide the 
fluid is bleached, or remains but very slightly roseate, with a 
trace of orange deposit in contact with the peroxide. Whortle- 
berries. 

M. The mixture of wine and alkaline carbonate C. (6.) is heated 
to boiling. 

(a.) The mixture becomes lilac-violet, or violet- Logwood. 

(6.) The mixture tends to become decolourised, or changes to 
yellowish-green, or dark green, or maroon green, natural whieSf 
whortleberries^ botii ddersy privet, Port/ugal berries, fxwihsine. Pass 
toN. 

N. Treat the wine with alum and sodium carbonate, a$ 
directed at E., and filter. 
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(a.) The colour of the filtrate is lilac. Portugal berries. 

(b.) The filtrate changes to bottle-green, or reddish-gi'een. 
ITatureU wines j whortJUherrieSy ticllyhock^ privety both elders^ fuchsine. 
Pass to O. 

O. Treat 2 cc. of the clarified wine with 3 or 4 cc. of a saturated 
solution of borax, according to the intensity of the colour of the 
wine. 

(a.) The liquid remains wine lilacs or with some violet tinge, 
both eldersy privet^ whortleberries. Pass to P. 

(b.) The fluid becomes bluish-grey-flax-blossom, greenish or 
bluish-grey, with very faint tnice of lilac, 2 >ure unne, vdiortle- 
berrieSy hollyhocky fuchsine. Pass to R. 

P. Treat a new portion of wine with sodium bicarbonate (as 
directed at I.). 

(a.) The tint, at first lilac, changes afterwards to grey, slightly 
brownish, or to maroon. If a new portion be treated with sodium 
carbonate, according to C., and then heated to boiling, it becomes 
clearer, and loses its green tint. 

The lake obtained according to E. is deep blufj-green. Dwarf 
Elder. 

(i.) The specimen remains grey, tinged with green, bottle- 
green, or yellowish. Sometimes (black elder) it acquires a lilac 
tint, which almost immediately disappears, changing to a 
greenish-grey-blue, whortleberrieSj black eldery j/rivet. Pass to Q. 

Q. Treat a specimen of the wine with alum and carbonate of 
soda (as directed at E.). Shake the mixture, and after a few 
moments throw it on a filter. 

(a.) The lake remaining on the filter is deep green-blue ; the 
filtmte is clear bottle-green. A sample treated with sodium 
carbonate (as at C.) darkens and becomes grey, slightly greenish, 
on heating to boiling. Black Elder. 

(5.) The lake is clear bluish or greenish. The filtrate is clear 
bottle-green. A sample treated with sodium carbonate (as at C.), 
and heated to boiling, changes to dirty yellowish. Privet. 

(c.) The lake is ash-green faintly rose-tinted. The filtrate is 
bottle-green, with tint of maroon. A sample treated with 
sodium carbonate (according to C.) becomes deep grey on being 
heated to boiling. Whortleberries. 

R. Treat a specimen of the wine with ammonia and ether, as 
directed at J. 

(a.) The ether being decanted and evaporated, the fluid residue 
becomes rose-coloured on treatment with acetic acid. Fuchsine. 

(6.) The liquid left after the evaporation of the ether does not 
become red on acidification with acetic acid, natural wines, 
lioUyhock, whortleberries. Pass to S. 
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S. A sample is treated with its own bulk of a solution of 
aluminium acetate of 2° B. , 

(a.) The colour of mixture remains winey, natural wineB^ 
whordeherries j dilferentiate between them, as directed at L (a), 
and L (c). 

(6.) The colour of the mixture becomes violet-blue, hollyhock^ 
whorUeherries, Pass to T. 

T. A s{>ecimeii is treated with alum, and sodium carbonate 
(as at E.), and after a few moments filtered. 

(a.) The lake is clear green, slightly bluish, and rose-tinted ; 
filtrate is bottle-green, with little maroon. With borax (as at 
O), paiiiicularly if the sample has been concentrated, the liquid 
is grey with tiRce of lilac. 2 ca of the liquid treated with 3 cc. 
of dilute ammonia (1 vol. of liq. ammonia with 10 vols. of water), 
and the mixture diluted with its own bulk of water, gives a 
liquid which is yellowish-grey, greenish or greenish-grey. The 
other characteristics as at L. Whortleberries. 

(b.) The lake is green, slightly bluish, quite free from rose, 
filtrate clear bottle-green. With borax the liquid is greenish 
blue-grey. With ammonia (as above), dark bottle-green. With 
aluminium acetate (as at S.), bluish-violet coloration. Hollyhock. 

Although somewhat difficult, this systematic method serves 
for the discovery of sevei'al colouring-mattei’s mixed in one wine, 
if the indications of Tables A. and B. are carefully observed and 
followed. It is always desirable to determine the presence of 
fuchsine by the special reactions given further on. By means 
of Table B. the presence of one or sevei'al of the colouring- 
matters may be detected; but before deciding, it is as well to 
verify by repeating, for the substances so found, the reactions of 
Table A. on the sample ; and also the more special characteiistica 
given further on, for the identification of those substances. 

SPECIAL REACTIONS FOR THE DETECTION OP CERTAIN OP THE 
COLOURING-MATTERS MIXED WITH WINES. 

Brazil Wood . — Even a very strong clarification (two or three 
times more albumen than mentioned at the head of Table B.) 
does not wholly decolourise the adulterated wine. It becomes 
yellow-buff, which on exposure to the air gradually changes to 
red. If a wine that has been adulterated with Brazil-wood is 
clarified, and then a skein of scoured silk, washed with dilute 
tartaric acid, be soaked in it for twenty-four hours, and tiien 
withdrawn, washed, and dried at 60° to 70°, the silk will be 
found to be dyed lilac-maroon, or red. In pure wine, the skem 
remains wine-coloured or lilac. 
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If the dyed silk be now dipped into dilute ammonia, and 
heated to 100° for a moment, it becomes lilac-red, if Brazil-wood 
were piresent ; but deep grey, with scarcely a tinge of its original 
colour, if the wine were pure. If the ammonia be replaced by 
lime-water, the skein changes to ash-grey if Brazil-wood were 
present; but to a dark, dirty-yellowish-red, if the wine were 
pure. Finally, if the skein be dipped into aluminium acetate, 
and then heated to 100®, it retains its wine-red lilac colour. 
This reaction difierenWtes Brazil-wood from logwood. 

Logwood , — If the colour due to logwood is in excess in the 
wine, ammonia gives it a shade of violet ; if the proportion of 
logwood is small, the reactions B, L, N, of Table A., which are 
very delicate, should be tried, 

A skein of silk, prepared in the manner described for Brazil- 
wood, and treated with logwood, becomes dyed lilac-red, or 
maroon, which dilute ammonia changes to violet-blue tinged with 
grey, and which by acetate of aluminium becomes bluish-violet. 

Cochineal . — The lilac, or roseate tints due to the reactions 
A, B, H, K, of Table A., are very sensitive, the last being very 
characteristic ; the only substance likely to be confounded with 
.it is the phytolacca (Portugal berries), which is differentiated 
by the reaction B, of the same table. 

A skein of scoured silk, mordanted with aluminium acetate 
soaked in the clarified wine for twenty hours is dyed of a wine 
violet colour, analogous to that of pure wine, on being dried at 
100°. The colour does not change, even at 100°, by cupric 
acetate (exclusion of fuchsine) ; but if the skein be dipped into a 
dilute solution of zinc chloride, heated to 100°, and then w'etted 
with sodium carbonate, washed with water and dried, the 
colour becomes fine purple, whereas with pure wine the tint 
would remain sombre grey-lilac. 

Cochineal may be discovered by the spectroscope if present in 
large quantity, but if it amounts to only about 12 per cent, of 
the total coloration, it cannot be so detected. It rapidly 
separates from wines, being precipitated in the lees. 

Fuchsine . — ^is should be sought for in all wines found to be 
adulterated with other substances. The reaction J of Table B., 
p. 456, is very sensitive. Great care must be taken to avoid loss 
of rosaniline from imperfect decomposition of its salts in solution; 
.moreover, arsenic should always be sought for where the wine 
is found to contain any aniUne. Fuwsine rapidly separates 
from the wines to which it has been added. A skein of silk 
becomes dyed rose by soaking in a wine adulterated with fuchsine, 
and its colour passes to yellow on treatment with hydrochloric 
acid, but to bright red if the wine was pure. The dyed skein 
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treated with dilate cupric acetate, and dried at 100^, becomes 
fine deep rose- violet if fuchaine is present, and of a lilac tinged 
with ash-grey if the wincf is pure. This reaction is very 
sensitive. 

Phytolacca . — (Portugal berries). The rose or lilac colorations 
of the reactions A, G, and especially C of Table A., are very 
sensitive. 

Ilollyhoch — {Althea ro8ea)j much used. This substance imparts 
a peculiar flavour, which in a few months^ becomes actually dis- 
agreeable, while the colouring-matter itself rapidly precipitates. 

Beetroot . — This is generally employed only to mask other 
adulterants. The lilac tint of reaction C of Table A., if the 
beetroot is fresh, and the yellowish colours duo to alkalies 
(reactions D, E and F of Table A.) are very sensitive, even 
with old decoctions. 

Black Elder., Dwarf Elder . — ^The dwarf elder impai-ts a faint 
turpentine odour to the wines. The berries of both varieties 
are particularly used to communicate a special colour and flavour 
to port wine. The tdiate de Eisnies, which is largely used at 
Fismes, Paris, and elsewhere, is made by digesting 250 to 500 
parts of elder-berries, and 30 to 60 parts of alum, with 800 to 
600 parts of water, and then submitting the mixture to pressure. 
M. Maixmen6 reports having discovered as much as 4 to 7 grms. 
of alum per litre in wines adulterated with this substance. 
Sometimes (though mrely) the alum is replaced by tartaric acid. 
Wines adulterated with either yield a violet-blue lake (reaction 
H, Table A). By comparison with pure wine the difference is 
very marked. 

A piece of flannel, or skein of silk, mordanted with aluminium 
acetate, heated for some time in the suspected wine, then washed, 
and immersed in water made fitintly alkaline with ammonia, 
becomes green if the wine is pure, but dark brown if black elder 
is present. Probably the same reaction occurs with dwarf 
elder. 

Privet . — This is very seldom used. The general reactions, 
particularly N and P of Table A., must be relied on. 

Whortleberries). Very seldom used, and only for 
the commonest wines. The principal characteiistics are given 
in L (c), Table B., p. 467. In wines suspected to be adulterated 
with this substance, citric acid should be sought for, its presence 
being one of the best indications of the adulteration. 

hidigo . — The reactions A (ft) and B (ft) of Table B., p. 464, are 
so sensitive that they are alone sufficient to characterise indigo. 
Wool or silk mordanted with aluminium acetate, heated ymh 
20 to 40 ca of the suspected wine nearly to dryness, washed and 



478 foods: theib composition and analysis. [§ 285. 

then dipped into very dilute ammonia, become dirty green if the 
wine be pure, but blue if indigo be present. 

Indigo being often used to mask the too bright colours of 
cochineal and fuchsine, these should always be sought for after 
the removal of the indigo by clarification with albumen. 

Indigo very rapidly separates from wines, and it may frequently 
be found in the lees, even when the wine itself gives no indication 
of its presence. 

Substances other than those mentioned are occasionally em- 
ployed for the adulteration of wines; among them are archil 
residues, sulpho-puiqmric, and sulpho-alizaric acids, and their 
salts; but these have only recently been introduced, and are not 
yet seriously employed. Except in such cases as indigo and 
cochineal, it is only upon a series of concordant reactions that the 
presence of an artificial colouring-matter should be affirmed, 

§ 285. Mineral Suhatances, or Ash . — The ash of a great many 
wines, and especially of sherries, imported into this country, 
consists nearly entirely of sulphates.* This is due either to 
sulphuring or plastering. It is sometimes found absolutely 
necessary to charge a wine slightly with sulphurous acid, which in 
course of time becomes sulphuric acid ; and in such a case the 
chlorides and carbonic acids are diminished in the ash, and the 
sulphuric increased, but the total weight of the ash itself is not 
materially increased. On the other hand, plastering (by which 
is meant the addition of plaster of Paris to the grapes before they 
are crushed) has the effect, by its reaction on cream of tartar, 
of producing a soluble sulphate of potassium, which may very 
materially increase the ash of the wine. 

Under absolutely normal conditions, the ash consists of car- 
bonate, sulphate, phosphate, chloride of ]K)tassiuni, chloride of 
sodium, phosphate and carl^nate of calcium, with very small 
quantities of magnesia, iron, silica, and frequently lithium and 
manganese. 

The ash from a litre of wine examined by Bonssingault con- 


tained — OPtn*. 

Potash, ....... 0*842 

Liine, . 0*092 

Magnesia, . s 0*172 

Phosphoric Acid, 0*412 

Sulphuric Acid, 0*096 

Chlorine, a trace 

Carbonic Acid, 0*250 

Sand and Silica, O*00G 


1*870 

* The snlphuric acid in sherries ranges from 1 *5 to 8 grms. per litre (equal 
to 19*0 to 93*8 grains per bottle of J gaUon). 
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With regard to the analysis of the ash, &c,, see p. 98 eC seq. 

§ 286. Prosecution as to Uv/ermpited Wine, — In March, 1880, a case was 
heard at the Salford police courf in which a chemist and druggist was 
summoned for selling a bottle of ** unfermented port wine,” and also a bottle 
of ** unfermented sherry wine,” which were not of the nature, substance, 
and quality of the article demanded. The port wine was labelled . . . 

unfermeuted port wine, manufactured from the juice of the grape for 
sacramental and other par|X)se8.” There was a similar label on the sherry 
bottle. The analysis by Mr. Carter Bell of these samples was as follows : — 

Port. ‘sherry. 

Specific gravity, . 1100 1098 

\ olatilc acidc^ciilatcd 

as acetic, . . *006 *006 

Tartaric acid, . . *50*2 *581 

Sugar (invert), . .21*2 22 0 

Ash, .... 0395 *019 

Insoluble ash in water, *0185 or 46*8 i>er cent. *009 or 47*3 per cent. 

Soluble ash, . . *0210 or 53*1 per cent. *010 or 52*6 per cent. 

Residue drieil at 230°, 24*50 25*421 

Salicylic acid, . . *02 *10 


The analyst stated that in the wines ho found no trace of the juice of the 
grape. 

The pure juice of the grape in 1000 parts contained three of ash, and that 
ash should mainly consist of |)otash, phosphoric acid, and other elements. 
About 90 ])er cent, of such an ash should be soluble in w*ater. In the sherry 
wine he had only found *190 yier thousand of ash, which was considerably 
less than one-tenth of what ought to be found in pure grape juice (see \\ 438). 
This ash contained a trace of potash and a trace of phosphoric acid. It 
consisted chicHy of sulphate of sociium and calcium, and a few other 
ingredients. 62 per cent, of it only w’as soluble in water. It was no greater 
in (quantity than could be obtained from ordinary drinking water. He 
considered that the so-called sherry was nothing more than a solution of 
sugar and tartaric acid flavoured and coloured, and containing a little 
salicylic acid. He gave very similar evidence with regard to the port. On 
cross-examination, he could not swear that there w^as uot some perceutage of 
the juice of the grape in it. For the defence it w'as contended that when 
sold there was not the slightest deception; the inspector did not ask for 
pure juice of the grape, and did not get it; but he asked for unfermented 
wine manufactured from the juice of the grayie and got it. Witnesses were 
called who swore that the wine was made from gra^ie juice, the manager 
stating, with some reluctance, that he generally put one part of grape juice to 
five parts of water ; to six gallons of this liquid was added two jxiunds of 
sugar. The stipendiary magistrate dismissed the case on the ground that 
there was no standard of what amount of grape juice the wine should 
contain, and there was evidence to show that it £d contain some grape 
juice, and therefore, it could not be said that the manufacturers had made 
the wine fraudulently from water, — Analyst^ 1880, p. 110, and 1881, p. 197. 
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PART VI 1. 


VINEGAR. 

§ 287. Constiluents of Commercial Vinegar. — Commercial vinegar 
is a more or less impure acetic acid^ containing usually acetic 
acid, acetic ether, alcohol, sugar, gum, extractive matter, alkaline 
acetates and tartrates, a variable amount of salts (depending on 
the substances from which it has been produced), and legally 
not more than one-thousandth of its weight of pure sulphuric 
acid. 

Varieties of Vinegar. — The chief varieties of vinegar are as 
follows : — 0 

( 1 .) MaU-Vinegar. — The great majority of commercial vinegars 
in this country is derived from the acetous fermentation of a 
wort, made from mixtures of malt and barley. Malt-vinegar is 
of a decided brown colour, in specific gravity vaiying from 1’017 
to 1*019 ; it is of various degrees of strength, the manufacturers 
dLstinguishing different kinds as Nos. 18, 20, 22, and 24 respec- 
tively, the last being the strongest, and containing about 4*6 per 
cent, of acetic acid. That made by one of the largest firms in 
this country will be found to contain from *1 to *16 per cent, of 
combined sulphuric acid, and from *04 to *08 per cent, of chlorine, 
as chlorides. 

(2.) Wine-Vinegar is the chief vinegar in Continental com- 
merce. It is prepared from grape-juice and inferior new wines ; 
that made from white wine is most esteemed. The wine- vinegars 
vary in colour from pale yellow to red ; they have nearly always 
an alcoholic odour; specific gravity from 1*014 to 1*022. A 
litre of Orleans vinegar (according to Chevallier’s* analyses of 
actual samples) saturates from 6 to 7 grms. of dry carbonate of 
soda. The extract from pure wine-vinegar varies from 1*7 to 2*4 
per cent., the average being 2*05 per cent., and usually contains 
*26 grm. of tartrate of potash. 

Vinegars of limited use are — Glucose-vmegar^ recognised chiefly 
by the presence of dextrine, which may be precipitated by alco- 
hol; heer-vinegcur^ frpm sour ale; dder-mnegar^ made both from 
apples and pears; cTofhvinegary made from the crab apple, and 

* yoiim. 1877, No. 45. 
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used nearly all over Wales and Monmouthshire; and various 
artificial vinegars. ^ 

§ 288. AduHerations . — The adulterations of vinegar are— 

(1.) Water. 

(2.) Mineral acids, especially sulphuric, more rarely hydro- 
chloric, and still more rarely nitric acids. 

(3.) Metallic adulterations, or rather impurities; such as 
arsenic,* derived from sulphuric acid, copper, t lead, zinc, and 
tin, from the solvent action of the acid on any metallic surfaces 
with which it may have come in contact. 

(4.) Pyroligneous acid. 

(5.) Various organic substances, such as colouring agents, and 
capsicum. 

§ 289. Analysis of Vinegar — {\.)Wat€r . — Vinegar should contain 
at least 3 per cent, of acetic acid, and if it does not do so, it may 
be safely returned as adulterated with water ; for it then is so 
dilute as certainly not to be of the nature and quality of the 
substance usually sold as vinegar. The strength of vinegar may 
be accurately estidlated by distilling 110 cc., until 100 cc. have 
been drawn over, that is, ten-elevenths. The 100 cc. will con- 
tain 80 per cent, of the whole acetic acid present in the 110 cc., 
and may bo titrated ; or the specific gravity of the distillate 
may be taken, and the strength found from the following 
table : — 


Per cent. 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


SpecIHc Gravity. 
1 001 
1002 
1*004 
1*005 
1*007 
1*008 
1*010 
1*012 
1*013 
1 *015 
1*016 


* ‘*The observation of M. Deschamps induced us to analyse a vinegar 
sold by a certain Sieur C\ . • . The presence of arsenic io this vinegar 
ascertainetl, and the Sieur C. was compelled to confess that the vinegar 
h»l been mixed with wood<vinegar. On resortingslo the jperson who fiir- 
nished the latter product, the whole of the wood-^egar m his possession 
was found arsenical, and seized, in order to be employed only for industrial 
use.”— “Le Vinaigre,” Chevallier, Jmm. d^Hyg,^ r^o. 46, June, 1877. 

t Seven out of twelve samples of vinegar sold id Paris, and analysed by 
Aured Biche, contained copper varying ftom 6 to 15 mgrms. per litre. Joum. 
PWjiu CAfni. [41, xxvj. 2^28. » r- 
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Per cent. 
12 
13 
H 
15 

ir> 

17 

J8 

19 

20 


Specific Gravity. 
1*017 
1*018 
1-020 
1*022 
1*023 
1*024 
1*025 
1026 
1*027 


Vinegar may also be distilled in a vacuum produced by the 
mercury pump described at p. 70 ; it should be distilled into 
caustic soda or potash of known strength, and then titi-ated back. 
By distilling thrice to dryness, adding a little water each time, 
the whole of the acetic acid comes over. 

It will be necessary to test the distillate for the presence of 
hydrochloric acid, and also to take the acidity of the vinegar 
without distillation, so as to control the results. 

The titration of vinegar may be made with ordinary soda 
solution, and approximate results obtained.* If absolutely 
accurate determinations are required, it is best to add an excess 
of carefully weighed pure carbonate of lime to a known weight 
of the vinegar ; the liquid is boiled, filtered, and the residual 
carbonate of lime filtered off', dissolved in slight excess of normal 
hydrochloric acid, and titrated back with caustic soda and 
cochineal solution. From the amount of carbonate thus found 
to have been unacted on by the vinegar, the total acidity is 
calculated. 

(2.) Mimral Acids . — A great many commercial vinegars con- 
tain no ti-ace of free miuei-al acid ; and it has been amply shown 
tliat although one-thousandth p«art of free sulphuric acid is allowed 
by law, such addition is not by any means necessary for the presei-- 
vation of the vinegar. The mineral acid, if present, is nearly 
always sulphuric, occasionally hydrochloric, and still more i-arcly 
nitric acid. 

Hydroc/iforic Acid is detected by the distillation already de- 
scribed, and the testing of the distillate with nitrate of silver. 

Nitric Acid may (in the absence of otlier reducing agents) be 
detected by the rapid decoloration of a solution of indigo car- 
mine added to the boiling vinegar. 

StUpliuric Add cannot be detected by the usual chloride of 
barium test, for it fails to distinguish between free and combined 
sulphuric acid. The charring effect of the acid on paper, on 

* The results are only approximate, because sodic aoetate has itself a 
feeble alkaline reaction. 



478 foods: their composition and analysis. [§389. 

sugar, or its action on starch (formerly taken as the basis of the 
older tests), is now replaced by more scientific methods, and need 
not be described here. 

One of the most speedy tests for the presence of mineral acids 
is that proposed by A. Hilger* : — Two or three drops of a solu- 
tion of methyl aniline violet (0*1 : 100) are added to 25 cc. of 
vinegar; if pure, no colour is produced; but if *2 per cent, of any 
mineral acid is present, the colour is blue; or if ‘5 per cent., blue- 
green; and if 1 per cent., green. 

Another useful test is that of M. Strohl;t it is based on the 
well-known fact, that oxalate of lime is insoluble in acetic, but 
soluble in mineral acids. J The solutions requisite are — a solu- 
tion of calcic chloride (15*1 grms. to the litre) and a solution of 
crystallised ammonic oxalate (28*4 grms. to the litre); J cc. of 
each of these liquids is added to 50 cc. of the vinegar under 
examination, and if the turbidity which is at first produced does 
not disapjiear, the liquid contains less tlian — 

1*70 grm. per cent, sulphuric acid (specific gravity 1*843) per litre. 

2*85 ,, hydrochloric acid ( ,, ,, 1*174) ,, 

4*40 ,, . nitric acid ( „ „ 1*174) ,, 

The test, without claim to great accuracy, is extremely useful ; 
for if any suspicious indication be observed, the vinegar may bo 
then submitted to a more elaborate examination for free acids. 

As speedy as any of the foregoing, and at once more scientific 
and accurate, is the process introduced by Mr. Hehner. Its 
principle is based upon the fact that vinegar always contains 
|K>tash and soda salts of the organic acid ; hence, it is obvious 
that sulphuric or hydrocliloric acids, if added in small quantity, 
merely decompose an equivalent quantity of acetate or tartrate, 
as the case may be, and as free adds immediately disappear; 
but if added in excess of the amount of acetates and tartrates, 
the excess remains as free acid. It thus follows, that if any 
undecomposed acetate or tartrate exists in the vinegar, it is 
impossible for a free mineral acid to be present; and since the 
acetates and tartrates are decomposed by ignition into carbonates, 
the readiest way to ascertain their existence is to examine the 
ash of the vinegar for carbonates. If that ash is neutral, free 
mineral acid is probably present; if aVkalme, no free acid can 
be present, although, of course, a small quantity may originally 
have been added. 

The qualitative test devised by Mr. Hehner is also made 

* Archiv, der Phamuteie, 1876, 193. 
i Arch. Pharm. [5], 4, 342-346. 
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quantitative. If an accurately-estimated volume of d. n. soda 
solution is added to a known quantity of the vinegar, so as to 
neutralise slightly in excess tllie total amount of free mineral acid 
present, on ignition the alkalinity of the ash gives the measure 
of the quantity of free sulphuric or hydrochloric acid. The exact 
details of this operation, as practised by Mr. Hehner, are as 
follows: — 50 oc. of the vinegar are mixed with 25 cc. of d. n. 
soda; the liquid is evaporated on a water-bath in a platinum 
basin, the residue dried at about and carefully incinerated 

at the lowest possible temperature — the ash need not be burned 
white. 25 cc. of a d. n. sulphuric acid solution are now added to 
the ash, the liquid heated to expel free COg, and filtered. The 
dlter is washed with hot w-ater, litmus added,* and the acidity 
ascertained by d, n. soda. The volume of soda necessary for 
neutralisation directly gives the proportion of free mineral acid 
j>resent in the vinegar, 100 cc. of d. n. corresponding to *49 gi’ni. 
of HgSO^. If the amount of alkali originally added should have 
been insufficient, it is necessary to recommence the exi)eriment. 
For this reason Messrs. Allen and Bodmer made some experi- 
ments in which the preceding manipulation was modified by 
neutralising the whole of the acid, organic and inorganic, by soda 
solution. The results were satisfactory, but great care must be 
taken to titrate accurately. 

Another very satisfactory w’ay of separating and identifying 
the free mineml acids in vinegar is the following: — Saturate a 
known quantity with quinine, evaporate to dryness, take up the 
quinine salts with spirit, recover the spirit by distillation, dis- 
solve the quinine salt in water, and pi’ecipitate by ammonia. 
The aqueous liquid will* now contain the acetate of ammonia, 
together with the sulphate, chloride or nitrate; if any one, or all 
three, of the free acids were present, the acids may be determined 
in the xisual way. 

A method of separating free sulphuric acid from sulphates is 
to evaporate the vinegar to a syrup, precipitate the sulphates 
by alcohol, filter, wash the precipitated salts with alcohol, and 
determine the free sulphuric acid in the alcoholic solution. 
Provided sufficient alcohol be added, the separation of free from 
combined sulphuric acid is exact. 

Another method, the principle of which was j)roposed by Mr. 
Thresh, and which has been improved upon by Mr. W. C. Young, 
is to add to a known measure of vinegar an excess of BaClg; the 
chlorine in a portion of the liquid is now determined with great 
care, the rest is evaporated, ignited, and the chlorine of the ash 

* Instead of litmus, cochineal may be lued ; the latter is unaffected by 
CO,, and therefore pr^erable. 
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determined. The difference represents the free mineral acid in 
terms of chlorine. The presence of free tartaiic or citric acids 
quite invalidates tlie accuracy of the pi’ocess, but, with these 
exceptions, it is generally applicable. 

(3.) Metallic Adulterations , — Metals in vinegar ai*e detected by 
saturating the liquid with hydric sulphide, or by specially testing 
for arsenic, copper, zinc, tin, and lead, by the methods detailed 
in the second volume of this work. Metals of the first gi’oup may, 
however, be presumed absent, if there is no deepening of colour 
on saturation with hydric sulphide; arsenic, if Keinsch’s test 
gives negative results; and zinc, if the nearly neutralised vinegar 
gives no precipitate with hydric sulphide. 

(4.) Pyroligneous Acid , — The addition of pyroligneous acid to 
vinegar is said to be revealed by the presence of an excess of 
sulphate and acetate of soda. 

(5.) Organic Adulterations , — The other organic adulterations — 
such as capsicum— must be looked for in the extract; Chevallier 
has found fiichsine in French vinegars. Methods for the detec- 
tion of this in wine, given at p. 470, etc., are also applicable to 
vinegar. 
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LEMON JUICE AND LIME JUICE. 

§ 290. Lemon juice is the expressed juice of the Citrus limonum^ 
and lime juice that of the Citrus adda and Citrus limeUa. The 
Board of Trade standard for lemon juice is a density of 1 '030 [when 
dealcoholised],^and an acidity equivalent to 30 grains per ounce 
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of citric acid. The British pharmacopoeia directs that lemon juice 
should have a specific gravity of 1'039, and should contain 32*5 
grains of citric acid per ounce!! 

Lemon, lime, and bergamot juice are all similar in their 
composition, containing citric acid as the predominant free acid, 
and small quantities of acetic, formic, and other organic acids, 
together with albumen, sugar, mucilage, and extractive matters. 
The mineral matter is very small, and contains 54 per cent, of 
its weight in potash and 15 percent, of phosphoric acid. 

The juice is expressed in England, and also in Sicily, where 
the method of preparation is to mix one ounce of brandy with 
ten ounces of the juice, and over the surface of the liquid to 
pour a layer of olive oil. This crude process of preservation is 
effectual, but is now being supplanted by more modem methods. 

The following table shows the specific gnwity, free acid, and 
combined organic acid, the acid being cjxpressed in terms of 
crystallised citric acid, of the citric commercial juices [AUenJ ; — 


1 

\ 

\ 

Specific Gravity. 

Free Acid. 

Ozs. per gallon. 

Combined 
Organic Acid. 
Per gallon. 

Lemon Juice— 

Baw Sicilian, 

... 

(> 

to 9 

0*85 

„ English, 

1*04 to 105 

]l 

to 13 

0*3 

Concentrated, 

1*20 to 1*25 1 

57 

to 72 

6toS 

Bergamot Juice — 





Concentrated, 

1*22 to 1*25 

47 

to 55 

7 to 8 

Lime Juice — 





j Raw, . 

1*035 to 1 040 

10*0 

to 13-5 

0*4 to 0 *7 

; Concentrated, 

1*28 to 1*38 

1 

82 

1 

to 112 

8*6 


§ 291. Adulitraiions and Analysis of Citric Juices , — Lime juice 
has been rather extensively adulterated, and at the present time 
it is by no means uncommon to meet with a wholly fictitious 
article under this name. 

Sulphuric, Lydrochloricj and nitric acids arc the main foreign 
ingredients to be sought for. The general principles of tlie 
detection of these acids in a free state are entirely the same as in 
vinegar, and the remarks with regard to the alkalinity of vinegar- 
ash when genuine apply equally to tlie ash from the citric juices. 
(See p. 478.) Good juice contains insignificant traces of sulphates 
and chlorides, so that the mere addition of silver niti*ate or of 
barium chloride will at once show whether there has been any 
tampering with the liquid. 


32 
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Nitric acid may be detected by the ordinary tests for that 
acid. The juice may be boiled with metallic copper, when red 
fiimes will appear, should nitric acid be present. Or, it may be 
inuch diluted and filtered, and one portion be made neutral with 
burnt magnesia, and boiled to expel all free ammonia ; afterwards, 
by acting upon the liquid with a copper zinc couple, any nitrates 
may be turned into ammonia, distilled over, and titmted in the 
usual way. 

F. Scribani* adds to the suspected lemon juice an aqueous 
solution of ferrous chloride, strongly acidified with hydrochloric 
acid and free from ferric salt. The liquid is boiled for a few 
minutes, and then a little sulphocyanide is added. If nitric acid 
has been present, it will have oxidised the ferrous salt into a 
ferric salt, and a deep blood-red colour will be produced by the 
test. 

§ 292. The Analysis of Lime Jnice^ with a view to a.scertain its 
strength, is confined to the determination of the amount of citric 
acid and citrates. 

The amount of citric acid is determined frequently for technical 
purposes by the aid of a special hydrometer, called a citro- 
meterf but this method is not exact enough for the purposes of 
the food-analyst. Nevertheless, it will always be well to take 
tlie specific gravity of the juice by a specific gravity bottle, or by 
the methods detailed at l^age 71, first boiling oif any alcohol 
Avhich the juice may contain, and making it up to the same 
bulk as before the dealcoholisation. 

The amount of free acid may be estimated by means of deci- 
normal soda. A known quantity of the juice is taken and 
coloured with phenol -phthalein, and then d. n. soda is run in 
until the colour changes. About 10 cc. of the ordinary raw 
juice may be taken and diluted to 60 cc. ; but the concentrated 
juice must be much diluted before titration. 

The free acid known, the next step is to determine the amount 
of citrates and other organic acids combined with bases. For 
iitts purpose, the measured quantity of the juice which has 
already been neutralised by soda, is .evaporated down, charred, 
the charred mass treated with a known volume of decinormal 
stuphuric acid, which must be sufficient to more than neutralise 
the carbonates. 

The acid solution is filtered and neutralised by d. n. soda ; 
this will give the necessary data from which to calculate the 
amount of sulphuric acid used by the carbonates produced by 
the action of heat on the organic acids. This amount is equi- 


Cfaz. Chim, Itah^ viii. 294. 
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valent to the total amount of organic acid ; if expressed as 
citric acid, forty-nine parts of sulphuric are equal to seventy of 
HgC^HgO^HgO, or sixty-sey^i of 

The amount of free acid already obtained is novr subtracted 
from tlie total acid, the difference being that which is combined 
witli bases. 

To ascertain the amount of real citric acid present in the juice, 
it must bo determined as citrate of lime, for it need hardly be 
said that the process given above does not distinguish between 
malates, meconates, or any other organic acids converted by 
heat into carbonates. To determine the real citric acid, Mr. 
WaiTington* recommends the following processes : from 15 to 
20 cc. of raw lime juice are exactly neutralised by d. n. soda, 
the whole made up to about 50 cc., and heated to boUing. 

While boiling, so much of a solution of chloride of lime is 
added as is known to be rather more than equivalent to the 
total amount of organic acids present. The boiling must be 
continued for half an hour, and the precipitate collected and 
washed with hot water. The filtrate and washings are evaporated 
to a small bulk (not more than 15 cc.), and a little ammonia 
added to exact neutralisation, if the liquid gives an acid reaction ; 
a further precipitation takes place, and tliis second precipitate 
must bo collected on a filter. The filters are dried and burnt up 
at a low’ heat, and their neutralising power with regard to acid is 
determined. For this purpose, the asli may be dissolved in 
standard hydrochloric acid, and titrated back ; each cc. of 
normal HCl neutralised is equivalent to -070 grm, of crystallised 
citric acid. If either oxalic or tartaric acids should be present, 
the results are, of course, inaccurate. 

‘^Jo?rrn. Chem. 1875 , 934 . 
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MUSTARD. 

§ 293. Mustard is made from the seeds, finely ground, of the 
Sinapis nigra, or black mustard, or from those of the Sinapis 
alba, or white mustard, or again, from a mixture of both varieties. 
The manufacturer reduces the seeds to powder, and passes tho 
product through a series of sieves. The portion in tho first 
sieve is called the dressings, that which passes through is an 
impure mustard flour. The impure flour, on being passed 
through a second sieve, yields the pure flour of mustard and a 
second quantity of dressings. The dressings are utilised, by 
being submitted to pressure, for the sake of the fixed oil they 
contain. 

Microscopical Structure of the Seed. — Tho white mustard seed is 
made up of the husk and the seed i)roper. The seed proper is 
simple in structure, consisting entirely of minute oil bearing 
cells ; their size averages '00041 inch in the finely powdered 
seed ; and they look extremely like starch corpuscles, but neither 
polarise light nor strike a blue colour with iodine. 

The husk is more complex, and consists of three mem- 
branes : — 

1. An outer membrane, composed of two kinds of large trans- 
parent cells, which are described by Dr. Hassall thus ; — Those 
of the first kind are of an hexagonal figure, and united by their 
edges so as to form a distinct m€jmbrane, the Centre of each cell 
being perforated ; the cells of, the second kind occupy tho aper- 
%ture$ which exist in the previously-described cells, and they are 
themselves traversed by a somewhat funnel-shaped tube, which 
appears to terminate on the surface of the seed. Immersed in 
water, these cells swell up to several times their original volume, 
occasion the rupture of the hexagonal cells, and become them- 
selves much wrinkled or corrugated, the extremity of the tubes 
in some cases being seen protruding from the proximate termi- 
nation of the cells. It is possible, however, that what are here 
described as two different kinds of cells really form distinct parts 
of the samci cells. It is from these cells that the thick mucilage 
obtained by digesting mustard seeds in water is derived* 
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2. The second layer, or middle tisme, consists of very minute, 

angular, coloured cells. , 

3. The inner or third layer of the husk consists of a single 
layer of angular cells. 

The black mustard, in its structural composition, differs from 
the white only in not containing the large perforated cells of the 
husk, the outer membranes consisting of two or three layers of 
large, transparent, hexagonal colls, the other structures being 
similar to those already described. 

§ 294. The accompanying tables (L., LL) give some careful 
analyses by C. H. Piesse and Lionel Stansell* of black and white 
mustard : — 

TABLE LL— ANALYSES OF ASH OF MUSTARD SEED. 



I 

t White Seeds. 

1 

Bi'ovrs Seeds. 


Yorkshire. 

! 

1 Oflmbrld^c. 

I C'ambridgo. 

1 

Potash, 

21-29 

i 

1 18*88 

r' 

21-41 

Swla, . 

: 0*18 

0-21 

0-35 

Lime, 


9*34 

13-57 

Magnesia, . 

i 8-17 

10-49 

10 04 

Iron oxide, 

! 1-18 

1-03 

! 1*06 

Sulphuric acid, , 

7-06 

716 

! 5-56 

Chlorine. . 

0-11 

0 12 

1 0-15 

Phosphoric acid, 

3274 

35 00 

1 37-20 

Silica, 

1-00 

1-12 

1 1-41 

Sand, . 

1-82 

1*95 

1.38 

Charcoal, , 

J2-82 

15-14 

7*57 


; <M-85 j 

100*48 

99*70 


§ 295. T/ie Chemuflfy of Mustard is extremely interesting ; 
both seeds, white and black, contain a fixed oil (from about 36 
per cent.), and a sulphocyanate of sinapin and myrosin. Black 
mustard seeds contain, in addition to the foregoing, myronate of 
potash (about *5 to *6 per cent.) When the powdered black 
mustard seeds (or the mixed black and white) are moistened 
with water, the myronate of potash acts upon the myrosin, and 
produces tite volaiile oil of musta/rd. White mustard seeds, on the 
other hand, contain also a sulphur principle, siruilbin^ not found 
in black. 

Sinapin^ — Sinapin exists as a sulphocyanate, both 

* ^ 1880 , p. 161 . 
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in black and white mustard secds^ as well as in the seeds of 
Titrritis glabra^ L. It was first prepared by Henry and Garot in 
1825. The best process for ^traction of the sulphocyanate on a 
small scale is (according to Von Babo) to exhaust the oil from the 
seeds by ether, then to treat with cold absolute alcohol, which 
only takes up a little of blie sulphur compound, and lastly, to dis- 
solve the sulphocyanate of sinapin out with alcohol of 90 per 
cent. The excess of alcohol is then separated by distillation, and 
the substance crystallises out, yielding about 1*1 per cent. 

Sinapin itself cannot be obtained pure, but a watery solution 
may readily be prepared by decomposing a solution of the 
bisulphate witli a proper quantity of baryta. After filteiing 
away the sulphate of baryta, the filtrate is of a yellow colour 
and intensely alkaline reaction ; it precipitates many metals from 
their solution, but on evaporation its colour changes through 
green and red into brown, and at last it leaves behind an 
uncrystal lisable brown residue. On boiling a solution of sinapin 
with the alkalies or alkaline earths, the sinapin splits up into 
siukalin and sinapric acid, 


Ca„H,3NO, -f H.p 


and similar treatment of the sulphocj’^anatc of sinapin produces 
the same decomposition. To sulphocyanate of sinapin is ascribed 
the formula C^gHosNOr^CNHS. It forms colourless, transparent, 
truncated ]irisii)s, in warty or starlike groups, without odour, 
but of a bitter taste, of neutral reaction, molting at 130° to a 
yellow fluid, solidifying again in an amorphous mass. Sulpho> 
cj^anate is readily soluble in water ; but ether, turpentine, and 
bisulphide of carbon do not dissolve it. If to a hot solution in 
alcohol concentrated sul})huric acid be added, bisulphate of 
sinapin, CiyH 23 N 05 , + 2 OH 2 , separates on cooling in 

rectangular plates. From this salt the neutral sulp}iate may be 
obtained by solution in water, and precipitating half the sul- 
phuric acid by baryta. 

Sinalbin, 630^44 ^ substance which exists only in 

white mustard, and may he supposed to take the place of 
myronate of potash. It splits up into sugar, bisulphate of sina- 
pin, lind sulphocyanide of acrinyl, CgHyNSO. The last, on treat- 
ment with alkalies, yields ammonia and the salt of an acid 
melting at 136°, to which the formula CgHgOg is ascribed. 

Myrosin^ a substance analogous to emulsin, has not yet been 
obtained albumen- or lime-free; its solution froths on being 
shaken ; it is coagulated by warming to 60°, as well as by adds 
and alcohel. 
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MyronixU of Potash^ CjQHjgKNSoOj^, crystallises out of spirit, 
in needles ; out of water, in rhombic prisms. It is destitute of 
water of crystallisation, is of neutrt\l reaction, and has no odour, 
but is of a bitter taste. It is easily soluble in water, with diffi- 
culty in diluted spirit, and scarcely at all in absolute alcohol, 
whilst it is quite insoluble in ether, chloroform, and benzole. If 
the concentrated aqueous solution of the salt be digested with 
tartaric acid and absolute alcohol, the tartrate of potash separated, 
and the filtered fluid evaporated with carbonate of baryta, the 
filtrate from the latter w’ill yield easily soluble crystals of myro- 
nate of baryta (Ci 0 HigBaN{Sj,OjQ), which soon become opaque on 
exposure to the air ; if heated, it develops ethereal oil of mustard, 
leaving behind sulphate of baryta. A solution of myronate of 
potash gives with zinc and iiydrochloric acid suljdiiiretted hydro- 
gen, and then contains a salt of ammonia, sugar, and half of the 
sulphur as sulphuric acid Boiling hydrochloric acid decomposes 
similarly. Concentrated potash-lyo digested on the dry salt, and 
heated, develops volatile oil of mustard, cyanide of allyl, and 
ammonia. If to a watery solution of myronate of yiotash, rayrosin 
is added, volatile oil of mustard, sugar, and bisulphate of j)otasli 
are formed ; thus, 

C,oHigK.NS20,o - + SHKO^ 

the same reaction takes place if the freshly-prepared watery 
extract of the white or black mustard seeds be added. 

§ 296, The Fixed Oil of both Black and White Mustard appears 
to be identical, — It is a yellow, non-drying oil of 0*9 15 to 0*920 
.specific gravity at 15°, solidifying from - 12'* to - 16**, and 
of a mild taste. It contains the glycerides of erucic acid, of 
.stearic acid, and of oleic acid, which last Darby considers different 
from ordinary oleic acid. 

Erucic Acid, C22H42O2, was discovered by Darby in the fatty 
oil of the seeds ol‘ the white and black mustard in 1849, and the 
same acid has also been found in rape oil. It is easily obtained 
by saponifying the oil with litharge, treating the soap with ether, 
which dissolves out the erucate of lead, and decomposing the salt 
with hydrochloric acid. The erucic acid in solution is filtered 
from the chloride of lead, the filtrate evapomted in the water- 
bath, and the residue recrystallised from ether, Erucic acid 
forn^s slender, long, white, glittering needles, without odour or 
tast^, melting at from 33“ to 34“, and coagulating f^^ain at 33°; 
it is insoluble in water, but dissolves easily in alcohol and ethei*. 
The acid, exposed to the air, gradually becomes coloured and 
rancid. If to water saturated with erucic acid bromine be added 
gradually, a crystalline compound can bo obtained, C 22 H 42 B 2 Q 2 , 
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which crystallises out of alcohol in small, white, warty masses^ 
melting at 42"* to 43°. Again, if the solution be decomposed with 
hydrochloric acid and sodiugm amalgam, it can again be change^l 
back to erucic acid. Erucic acid forms definite salts, of the 
formula HCgoH^^Oo. 

TliA Volatue Oil of Mtintard^ C^HgNS, is mixed with cyanide of 
allyl, which may be separated by fmctional distillation. Ordinaiy 
ilistillation of black mustard seeds yields it in the proportion of 
0*5 to 0*7 per cent. It is colourless or slightly yellow; has a 
boiling point of 148°, and specific gravity 1009 to 1010; is 
somewhat soluble in water, dissolving easily in alcohol, ether, and 
petroleum other. According to Hager {PJiarm. CeritralK^ x. 65), 
the commercial oil is much adulterated; ho enumerates as fraudu- 
lent additions, alcohol, bisulphide of carbon, oil of gilliflowers, 
and castor-oil. The volatile oil of mustard prevents the coagu- 
lation of serum-albumen, as well as alcoholic fermentation. 
According to Mitscherlich, this is the most deadly of all the 
ethereal oils, 4 grnis. killing a kitten in two hours, 15 grms. in a 
(piarter of an hour. Tlie post-mortem ai)pearances were those of 
acute gastroenteritis, and the smell of the oil pervaded the blood, 
urine, and lungs. It has been used in medicine, chiefly exter- 
nally, for its powerful rubefacient properties, blistering the skin 
when ap[)lied to it. 

§ 297. Adulterations , — The adulteration most commonly met 
with is a dilution of ground mustard with tm*meric and wheat 
flour. Other substances usually enumerated as having been 
fraudulently mixed with mustard arii — cayenne pepper, ginger, 
gamboge, ])otato starch, pea flour, radish and rape seed, linseed 
meal, yellow ochre, chromate of potash, plaster of Paris, and clay, 
besides the ground seeds of the Sinapis arvensis. 

A careful microscopical examination by both ordinary and 
polarised light will detect most organic adulteimtions. If on the 
addition of iodine to an infusion of the mustard in hot water, no 
blue colour is produced, it is certain that neither wheat nor any 
other starch is present. 

The chemical examination of miistard, for the purposes of the 
food-analyst, mainly resolves itself into — 

1. Testing for turmeric, 

2. Estimation of the total sulphui*. 

3. Estimation of the fat or oil. 

4. Estimation of the ash. 

5. Testing for gamboge. 

1. Testing for Turmeric , — The detection of turmeric by its 
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microscopical appearance is usually satisfactory ; there are, how- 
ever, some good chemical teats. 

A. Extract tlie mustard with two «r three times its volume of 
metbylic alcohol, filter, and evaporate to dryness. If turmeric 
be present, the addition of liydrochloric acid to the extract will 
produce a red-orange colour, turned by excess of an alkali to 
green and blue ; or the extract may be dissolved in the least 
possible quantity of methyl alcohol, and evapomted to dryness 
in a porcelain capsule, in which there has been placed a small 
piece of filter paper. When the evaporation is complete, the 
pa[)er is moistened with a strong solution of boric acid, and then 
dried ; if turmeric be present the paper will take a reddish 
colour; if it be then treated by an alkali, there is a play of 
colours, among which green and purple predominate. 

B. Advantage may be taken of the fact that the colouring- 
matter of turmeric is strongly fluorescent ; that of mustard, on 
the other hand, is devoid of fluorescence. The simplest method 
to detect the fluorescence of the yellow colouring-matter of 
turmeric, when mixed w ith mustard, is to pass a little castor- 
oil through the suspected sample on a filter ; the oil, if turmeric 
be present, shows a very distinct green colour ; this is a test of 
considerable delicacy. Or an alcoholic solution may be placed 
in a test-tube, and held vertically in water contained in a glass 
blackened internally; if the observer now slightly incline the 
top from the window, and look from above outside the test-tube, 
the green fluorescence, if present, will be i*eadily observed. 

2. Estimation of tli/e Total Sulphur , — Most of the adulterants 

of mustard contain no sulphur, or at least no very appreciable 
amount, in the iinoxidised state. Mustard, on the other band, 
in common with a large number of cruciferous plants, contains 
sulphur-organic compounds ; hence a great deficiency or excess 
of sulphur is indicative of adulteration, a normal amount no 
conclusive sign of purity. ^ 

The best method to oxidise tiie sulpluir compounds the writer 
has found to be as follows ; — About I grrn. of the substance is 
placed in a flask adapted to an upright Liebig’s condenser, and 
digested for some time at a gentle heat with fuming nitric acid. 
The resulting liquid filters with ease, and the sulphates are pre- 
cipitated in the usual way with a solution of chloride of barium, 
the precipitate thoroughly washed, dried, ignited, and weighed ; 
sulphate of bartya multiplied by *13734 ~ sulphur. On now 
making a determination of the sulphates contained in the ash, 
and subtracting the latter from the foitner, the amount of organic 
sulphur is obtained. 

3, Estimation of the Fat or Oil — This is particularly useful 
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when wheat starch is the adulterating agent. Wheat flour does 
not contain more than 1-2 to 2*1 per cent, of oil ; mustard^ on the 
other hand, from 33-9 to 36^7 per cent. A weighed portion of 
the previously dried sample may be placed in the little appai*atus 
figured at p. 68. As a rough guide the following fonnulse may 
be used : — 

£C Amount of mustard, i/ of oil found. 


33-9a! 

1-2(100 -a;\ 

100 + 

Too ■ ■■"2' 

SG-lx 

2(100 -a:) 

Too 

100 -y 

4. Estimation of the Ash.- 

—The ash is taken in the way already 


described (see p. 07). The total ash of dried mustard averages 
5 per cent. The highest number the w’riter has obtained is 5*3 
per cent., the lowest 5*088 per cent. Of this ash 1*2 at least is 
soluble in water ; in other words, the ash of mustard consists of 
30 parts per cent, soluble, 70 parts per cent, insoluble in water. 
It hence follows, that if found above 5*5 per cent., mineral 
matters of foreign origin are present ; if below 4 per cent., it is 
an indication of some organic adulterant. 

5. Gamboge , — Gamboge as an adulterant of mustard is some- 
what apocryphal \ if susj)ected of being present, an alcoholic 
extract of the mustard must be prepared ; such an extract when 
treated with caustic soda beconn^s of a bright red colour, hydro- 
chloric acid produces a yellow colour. 
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PEPPER. 

f 

§ 298, Black pepper is the dried immatme frwit oi Piper nigrum, 
one of the Piperacete, or pepperworts. 

White pepper is the same berry decorticated, or deprived of 
its outer and black husk or covering. 

The pepperworts are a well-defined natuml order, confined to 
the hottest parts of the world, and delighting in low places, 
valleys, and the banks of rivei’s. Although neither the number 
of its genera nor of its species is great, yet the whole order is 
remarkable for a variety of active and useful plants — ejp, the 
aromatic black and long pepfiers, the astringent inatico, the 
intoxicating Macropiper methystimmi^ the different varieties of 
cubebs, useful in the treatment of iiillamed mucous membranes, 
and seveml other })lants })ossessing medicinal properties,* belong 
to the natural order of Piperacece. 

Black pepper itself is a climbing plant, attaining the height of 
from 8 to 12 feet; the berries — or, Wanically speaking, “drupes^* 
— are at first green, then red, and if left still longer ungathered, 
turn to black ; but before this latter change takes place the 
berries are gathered by hand and dried in the sun, the result 
being an entire change of appearance ; instead of a red, smooth 
berry, a black or reddish-black peppercorn, with the cortex con- 
tracted and shrivelled in such a manner as to form a veined net- 
work, is obtained. The plant is cultivated in various portions of 
the equatorial regions of the earth, the zone of cultivation being 
confined to the isotherms of 82®F. It would not, however, be 
strictly correct to say that this high mean annual temperature 
is essential, or even necessary ; for the fact is, that it is pro- 
duced principally in the cooler valleys, where the mean annual 
temperature does not, perhaps, exceed ZO'^Fahr. 

The black pepper imported into this country principally comes 
from the islands of Malacca, Java, Borneo, and Sumatra. The 
commercial varieties are at least five — viz., Malabar, Penang, 
Sumatra, Trang, and Tollicherry, names indicating the localities 
whence they are derived. The differences which these different 
varieties of pepper present to the eye are evident enough when 
the several samples are at hand for comparison; but it takes 
a very practised observer to identify a solitary sample ; and 

* The Artanifte euccbLyptifolia is used in Brazil in case of colic ; Piper par- 
thmium^ used in menstrual disturbances; Ckavica htUe and SUiooa 
salivation, and decrease the function of the skin. Besides these, .^crocar- 
pviium hiapUluhim, Coccobryon captme, Artantke adtenca, Ckavica adiincct 
and Others, possess active and useful properties. 
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if samples of each of the kinds named were mixed together, it is 
doubtful whether an adept even could separate the berries a^in, 
identifying each sort with any correctness. The merchant, indeed, 
relies more upon the weight than the appearance; he takes a 
handful of peppercorns, and by long practice can tell in a moment 
whether it is a light or a heavy sample. Chevallier has deter- 
inined the weight of what is technically called heavy, half-heavy, 
and light pepper. A litre of the first weighed 530 grms. ; of the 
second, 612 grms. ; of the third, 470 grms. That there is con- 
siderable difference in weight in the different berries is certain, 
for the writer carefully weighed 100 berries of each kind, with 
the following result : — 




Grammes. 

100 TKippercoms of Penang weighed 

6-2406 

100 

Malabar ,, 

6-05.36 

100 

Sumatra ,, 

5-1476 

100 

Trang ,, 

4-5736 

100 

Tellicherry,, 

4-5076 


If, then, quality is to be judged of by weight, Penang and 
Malabar may be bracketed together as standing first, Sumatra 
holding the second place, and Trang and Tellicherry bracketed 
together in the third. The general opinion of the trade is, that 
Malabar is really tlio heaviest, and possibly the samples of 
Penang which the writer possesses are unusually fine. The 
w'hole of the ground peppers of commerce are mixtures of different 
kinds of pepper ; there is no such thing to be found in the shops 
as a pure ground Malabar or a pure ground Penang. The 
principal varieties mixed for household purposes and retailed are 
Malabar, Penang, and Sumatra; the first of these is the dearest. 
The usual mixture, according to Chevallier, is — 

per cent, of Malabar to give weight, 

33 ,, Penang ,, strength, and 

33 ,, Sumatra^ ,, colour. 

The pepper thus mixed is either ground by the aid of large mill- 
stones, or in an apparatus perfectly analogous to a coffee-miU. 
The latter mode is far preferable to the former, as the friction of 
the stones develops considerable heat, and dissipates some of the 
aromatic principles. Pepper thi^j damaged by the heat of the 
mechanical operations is technically known as “ burnt.”* 

Stnictv/re of Pepper . — A thin section of the pepper berry 
shows, from without inwards, (L) a layer of elongated cells, large 
and distinct, having a central cavity, from which numerous lines 

* From Art. Popper in the Author’s Piet of Hygiene.’* 
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radiate towards the circumference ; (2.) a layer of small, angular, 
darkrcoloured cells ; (3.) a thin stratum of woody fibre and spiral 
vessels; (4.) a layer of large roundi cells ; (5.) a tissue divisible 
into two layers, the outer consisting of coloured cells, the inner 
colourless, and really constituting a membrane. 

Pepper contains an alkaloid (Piperln), a volatile oil, and an 
acrid resin, besides gum, starch, vegetable albumen, salts, and 
other substances. 

Oil of Pepper has a specific gravity of from 0*86u to 0*99, and 
a boiling point 167“ to 170“. It is a clear fiuid, possessing a 
mild taste, and coiTOsponds to the formula Both white 

and black pepper contain a little more than 1 per cent, of this 
oil.* 

§ 299. Pi/wrm--(Cj7H^^N03) — was discovered by Oerstedt in 
1819 ; it is found in white, long, and black pepper, in Chavica 
qfflcinarum^ in cubebs, in the berries of Schinus, mollis^ and in 
the bark of Liriotlendron tulipifera. When pure, piperin crystal- 
lises in colourless, brilliant, four-sided prisms ; it is almost taste 
less, and presents no alkaline reaction. It melts to an oily mass 
at about 100®, solidifying in a 1‘esinous form ; is soluble in 
petroleum ether, alcohol, ether, the volatile oils, benzole, chloro- 
form, and creosote. Concentrated nitric acid changes it into an 
orange-red resin ; if this be treated with a solution of caustic 
potash, a blood-red colour is produced, and on boiling piperidin 
developed. Long heating with alcoholic potash decomposes 
piperin into piperidin and piperinate of potash, and the same 
substance is quickly developed by heating with soda lime. 

Piperidin — C5HJJN (best obtained by dry distillation of piperin 
with three times its weight of soda lime) — is a clear, colourless, 
bitter, strongly alkaline fluid, which boils at 106“, and has an 
odour both of pepper and ammonia. It dissolves in water and 
alcohol in all proportions, and forms good crystalline salts with 
acids. 

Piperic Acid — C^gH^oO^ — istobtained by boiling piperin with 
alcoholic potash, decomposing the piperate of potash by the 
addition of HCl, and subsequent purification of the acid by 
crystallisation from alcohol. The acid is in the form of yellow 
hair-like needles, some of which may be sublimed undecomposed; 
they dissolve easily in boiling alcohol, but are scarcely soluble in 
water. 

Bucheim has given the name of ^‘Chavicin*’ to a substance 
which he separated as follows : — Black pepper, after being ex- 
hausted of all matters soluble either in alcohol or water, was 


* Chem, Med»^ xi 308, 
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treated with ether. The ethereal extract was shaken up ^th 
potash ; on then separating and distilling the ether, chavicin is 
left behind, of the consistence of thick turpentine, and possessing 
a biting taste ; it has not yet been obtained pure. 

§ 300. The Ash of Pepper . — The following is an analysis of 
the ash of Tellicherry pepper : — 

^ lOOgrms. of Ash. 

Potash, 24*380 


Soda, 3*226 

Magnesia, 13*000 

Lime, 11*600 

Iron, 0*300 

Phosphoric acid, ..... 8*470 

Sulphuric acid, 9*613 

Chlorine, ....... 7 ‘570 

Carbonic acid, 14*000 

Sand, 6*530 


Of all of these constituents the saiul is the most variable. 
The highest determination of sand which the writer has as yet 
met with, occurred in a sample of Penang pepper, which gave 9 
parts of sand in every 100 of ash ; but if we allow that a pepper 
ash may contain 10 parts in every 100 of sand, how on any 
theory, except that of wilful adulteration, can we account for the 
fact of the ground pepper of commerce yielding to the analyst an 
ash one-third or one-half of which is very commonly found to 
consist of sand! The iron, part of which is magnetic, the alka- 
line earths, the chlorine, the alkalies, all vary somewhat ; but 
there is one constituent which is extremely constant, and may 
be of technical utility, and that is, the phosphoric acid. The 
phosphoric acid averages 8*5 per cent, of the ash. Pepper also 
has very minute quantities of carbonate ; a sample of finely 
powdered Malabar pepper, treated with acid, and placed in an 
absorption apparatus connected with an aspirator, whicli drew 
through the solution perfectly dried carbonic-acid-free air, yielded 
•657 milligramme of (X)^, or about *143 per cent, of the ash ; 
hence the 10 or 11 per cent, of CO^ in the ash must be produced 
from the organic salts, &c. 

Nitrates and NitHtes in Pepper . — Comparatively few observa- 
tions of the amount of niti'ates and nitrites in organic substances 
are on record : it is a subject of some scientific interest, especially 
since it has been observed that nitrates and nitrites are decom- 
posed in the presence of free oxalic acid. Whether the deter- 
mination of nitric acid will be of service to the food-analyst or 
not is unknown; I* certainly may be so, if it be found that a 
substance rich in nitrates is fraudulently mixed with one poor in 
lutratea 
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• Calcnlated as 

Nitric Acid. 

Ctenn. 


100 gnus, undried Penang peppdb yield 0*04470 
„ „ Malabar ,, 0*03858 

,, ,, Tellicherry „ 0*08860 

„ ,, Sumatra ,, 0*06560 

„ „ Trang „ 0*11870 


§ 301. General Composition of Pepper . — In a sample of Penang 
pepper analysed by the writer : — 

Per cent. 

Volatile oil, ....... 1*04 

Acrid resin, 1*77 

Fibrin, . 5*17 

Substances soluble in water, gum, starch, and 
other matters, subtracting ash, . . 14*74 

Substances insoluble in alcohol and water, . 67 *75 

Water, 9*53 


100*00 

The following table exhibits some analyses made by the writer 
in 1876 of genuine black peppers, and njay be comjiared witli 
similar determinations of white and long peppers : — 


TABLE Lir.— GENERAL COMPOSITION OF COMMERCIAl. 
PEPPEItS. 
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pepper ought to bear a definite relation to the piperin and acrid 
resin, so that ^lie latter constituents are the most important to 
determine. • 

There are two metliods of estimating the piperin and resin : — - 
Tlio one is to exhaust thoroughly the finely powdered pepper 
with strong alcohol, evaporate, and weigh the extract, which 
pnietically consists of nothing but resin and piperin. The latter 
is now separated by digestion with soda-lye, which dissolves the 
resin, leaving insoluble the piperin, which may be redissolved in 
strong alcohol, filtered, evaporated, and weighed as piperin. 
The other process, which, on the whole, is preferable, is to dis- 
solve the piperin out by petroleum ether, and purify the extract 
thus obtained as before. Some chemists, again, first extract 
with alcohol, and then treat the alcoholic extract with petroleum 
ether, a method which is equally valid, but not, perhaps, so 
convenient as the second given. 

§ 303. Adulteration of Pepper . — Pepper has been adulterated 
for at least two centuries and a half ; for Pierre Pomet,* writing 
in 1614, says : As the greatest part of pepper, white as well as 
black, is sold ' hattu* (^iliat is to say, powdered), it should only be 
bought of honest merchant^ ; because all the pepper the retailers 
sell is no other thing for the white than ^ epkes d! Auvergne 
blancMes^ or rather black pepper whitened with ground rice; the 
black is only the dust either of the crust of bread, grey Auvergne 
spices, or manignette.” 

Tiie list of the adulterations enumerated by authors is an 
extraordinary one. Linseed meal, rice, pepper leaves, mustard, 
wheat flour, sago, woody fibre, chillies, rape-seed, potato, spices, 
capsicum, manignette (otherwise known as Guinea pepper), 
chicory, rye, powdered leaves of the laurel, which had been pre- 
viously used to wrap round extract of liquorice, the stones from 
olives, bone-dust, marine salt, and various mineral adulterations, 
are all said to have been detected. 

However various may be the aS alterations in France (where, 
Ohevallier tells us, in Paris alone he is acquainted with a manu- 
factory producing 1200 to 1500 kilogrammes annually of a 
mixture sold solely for the purpose of adulterating pepper), the 
only common adulterations of this country are what are known 
in the trade as P.D., H.P.D., and W.P.D., abbreviations for 
pepper-dust, hot pepper-dust, and white pepper-dust. The first, ot 
P.D., used to be principally composed of faded leaves, but linseed- 
meal is now preferred } H. P.D. is chiefly the husks of mustard 
and W.P.D. is ground rice. To all these we must add sand, 

* Pomet : Hist. G6i. des Drogues, ’M735. 

33 
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which is most certainly used, though whether derived from the 
sweepings of ^ shops, or added as sand, is by no means clear. 
The sand, of course, influences weight of the ash, which 
should never exceed 7 per cent. 

Dr. Hassall made some determinations of the ash of some 
fifteen or sixteen commercial samples of black pepper ; of these 
only one was under 5 per cent., the percentages of the other 
fifteen being distributed as follows : — 

One gave between 5 and 0 per cent, of asli. 

Thr^ 

Three 
Seven 
One 

It is difficult to believe that more than 2 per cent, of unavoid- 
able mineral dust can get into the pepper by grinding, Ac., and 
the inference naturally is that most of the above samples were 
adulterated. The maximum percentage of ash from genuine 
pepper which the writer has obtained is 5*3 per cent. 

Besides the formidable list of adulterations already mentioned, 
the beiTy itself is not free from manipulation ; for, as the 
merchant judges by the weight of the sample, means are taken to 
render the lighter sorts equal in weight to the heavy Malabai* 
and Penang, and in order to do this they are macerated in tubs 
of brine for twenty-four hours, and thus impregnated with salt 
and water find their way into the market as Malabar ; but such 
samples are quickly recognised by the astute merchant ; and th(j 
high chlorides, the high ash, the great amount of humidity, could 
hardly fail to reveal their nature to the analyst. 

As coffee has been cleverly imitated by chicory jiressed into 
the shape of the coflee- berry, so by pressing various pastes into 
the shape of the pepper-berry has pepper been imitated. Of this 
adulteration there is the most undoubted .evidence. Accum 
noticed artificial peppercorns made of oilcake, common clay, and 
Cayenne pepper, and Chevallier, in a recent paper, states that in 
1843 he was requested to examine a sample taken from forty 
bales, in which he found from 15 to 20 per cent, of artificial 
pepper, composed of pepper-dust, bran, and other matters.* 

LEGAL CASPl 

Pepper adulterated with Sand, and containing Sago, 

At the Cardiff PoUce-Court, 1875, a arocer was summoned for selling 
adulterated ji^per. The town- clerk conaucting the prosecution, had sent a 
sample to Dr. Hassall, who stated the quantity of ash found in genuine pepper 

♦ Art. Pepper in author’s “Diet of Hygiene,** 


d and 7 
7 ami 8 
9 and 10 
11 and 12 
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as varying from 3*843 per cent, to 4*061 per cent., the highest amount 
found Wng 5*25 per cent. No genuine ground pepper as^soM should con- 
tain 5*5 per cent, of ash. The aaj^le of pepper sent up to him in this case 
for analysis contained 3 per cent, of sago, and 12 per cent, of earthy matter^ 
one-half of which was silica. The presence of sago he attributed to accident^ 
the quantity being so small ; and the presence of earthy matter and sand 
to the improper manner of drying the pepper berries, and not to adultera- 
tion. 

Mr. J. W. Thomas, the local analyst, gave, as the result of his analysiiE^ 
that the pepper contained sago, rice, and arrowroot, with a large quantity 
of woody fibre and dust, other than that of pepper, the quantity of this ash 
being 10*5 per cent. 

A third analyst gave as the result of his analysis that the pepper contained 
3 per cent, of starchy matter, and 10 per cent, of ash, one-half of which was 
sand. He considered the pepper genuine, but of an inferior quality. The 
presence of starchy matter was due, he believed, to accident or carelessness 
in those who had the handling of the pepx^er before being sold. The 
quantity was so small that it was scarcely probable it had been added for 
tne purpose of adulteration. In reply to questions from the Bench be stated 
that he considered the sample of pepper a very bad one, but it was genuine 
pepper. The Xiresence of even 25 or 30 x^^r cent, of ash, such as was found 
in tnis case, would be no proof of adulteration. The earthy matter found 
there would most probably be the result of the dust and other matter 
adhering to the berncs when exposed to the atmosphere to dry. 

On cross-examination, this gentleman consider^ that the ash was in 
excess of what might be exx^ecim to be found, and would onl^ bo discovered 
in inferior samples. He then explained that the X)«pper berries, after being 
dried, would naturally have [uirticlcs of earthy matter adhering to the husks* 
After being dried they were x>^ked in bags, and in the course of time the 
husk would probably scx»arate from the com, and the dust becoming dry 
would, by force of gravity, fall to the bottom. The sample of x>epx>er at 
the top of the bag might not contain more than 4 per cent of earthy matter, 
but that at the bottom 20, and although the 20 per cent, were found in the 
sample taken from the bottom, that would be no proof of adulteration. 

The Bench dismissed the case. 

The author is of opinion that the Bench, in the face of the evidence, 
could scarcely do otherwise than dismiss the case ; but the magistrates 
were certainly grievously misled by the witnesses. How any one with the 
least knowledge of the subject could declare a sample of pepx>er containing 
20 per cent, of earthy matter to be genuine pex)per, and of the nature and 
quality demanded by the purchaser, is •incredible. Without doubt, the 
pepx>er in this case came within the meaning of the Act, and was adulterated. 
If such a defence as that of sand falling from the top to the bottom of a bag 
be once admitted, it would come to this, that the last few ounces may be 
found to contain half their weight of sand, and yet be legally sold as pepper 
— -wMch is obviously absurd. 
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CAYENNE PEPPER. 

§ 304. Cayenne pepper consists of the powdered pods or seed 
vessels of the Capsicum annuum^ a plant belonging to the natural 
order Sokmacecs. It is a native of America, but is also cultivated, 
to a slight extent, in the greenhouses of England and other Euro- 
pean countries. It is sold entire under the name of Chillies. 
The microscopical stracture of the capsules is somewhat peculiar : 
the epidermis is formed of cells the walls of which are thick, 
f flattened, tortuous, well defined, and punctuated here and there ; 
frequent drops of a reddish-orange oil occur, especially in the 
parenchyma, which is formed of thin-walled, rounded cells. The 
envelope of the grain itself, when cut in thin vertical sections, 
presents a very singular api^rance, that of radiating dentiform 
proeesseSj the apex of each being apparently fixed in the outer 
Inembrane. The substance of the seed proper is composed of 
^tunalt angular cells, with thick colourless walls, filled with 
^anules and a yellow-orange oil, but without starch. 

Cayenne l>epper, as met with in commerce, is in the form of a 
somewhat coarse, brick-dust like powder, the least particle of 
which, if heated strongly, volatilises a very acrid vapour, causing 
intense irritation of the throat. This sensation can be produced 
by BO minute a portion of cayenne, that any foreign substance 
mixed with it could in this way be detected ; it would be only 
necessary to separate carefully, by the aid of the microscope and 
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a camera-hair brush, all particles of cayenne, and heat tho portion 
suspected ; if no acrid vapours were given off, the substance could 
not be cayenne. This intense acridity appears to be due to a 
body recently discovered by Mr Thresh, and named by him 
Capsaicin. 

§ 305. Gwpsaidn — specific gravity 1060 — ^is in the 
form of minute crystals, which melt at 55® -5 (138®F.), volatilise 
unchanged at 115®-G (240®F.), and at 12ff* (248*F.) become 
brownish-black. It may be obtained by exhausting cayenne by 
petroleum, evaporating the petroleum, and treating the extract 
thus obtained by dilute solution of potash \ on now saturating 
the solution with carbonic anhydride, it is precipitated in very 
small crystals. It dissolves slightly in cold, and more readily 
in boiling, water ; is easily soluble in alcohol, proof spirit, ether, 
amylic alcohol, acetic ether, acetic acid, benzine, the fixed oils, 
and solutions of the alkalies. It dissolves slowly in turpentine 
and carbonic disulphide ; when pure, petroleum does not dissolve 
it readily, but the presence of the red oil in the pepper increases 
its solvent powers ; it is totally insoluble in solutions of the car- 
bonates of the fixed alkalies, and in ammonia. Silver nitrate 
gives a precipitate with alcoholic solutions of capsaicin ; it also 
yields white precipitates with barium and calcium chlorides. It 
is powerfully pungent, causing, if volatilised, severe fits of 
coughing. 

It would appear that capsaicin is not contained in the sub- 
stance of the seed ; for if tlie pericarp be carefully separated, the 
seeds are entirely devoid of acrid taste. 

Mr. Thresh has also described a coninm-like alkaloid, obtained 
by exhausting the pericarp with benzine, evaporating, dissolving 
in ether, shaking the solution with dilute sulphuric acid, par-, 
tially neutralising with barium carbonate, and evaporating to a 
small bulk. Some rod fat now separates, and after the removal 
of this (upon adding an excess of alkali, shaking with ether, and 
evaporating) a brown residue is obtained, smelling like conium, 
and giving precipitates with Nessler reagent, iodine, and iodides 
of potassium and cadmium. 

The acrid oil Capdcol^ Capddn^ and other substances described 
by Bucholz, Bracannot, Buchheim, <kc., are undoubtedly mix- 
tures. The general composition of cayenne pepper may, how- 
ever, be gathered from the following analyses, one made in 1816 
by Bucholz, the second in 1817 by Bracannot, of course neither 
taking cognisanoe of capsaicin 
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BUCHOLZ'S ANALYSIS. 


Acrid soft resin (capsicum), .... 4*0 

Wax, . . . . . . • • 7*6 

Bitter aromatic extractive, 8*6 

Extractive, with some gum, . . . . 21*0 

Gum, 9*2 

Albuminous matter, 3*2 

Woody fibre 28*0 

Water, 12*0 

Loss, 6*4 

Fruit of Captiictim annuuni^ without 
seeds, 100*0 

BRACANNOrS ANALYSIS. 

Acrid oil, 1*9 

Wax and red colouring-matter, .... 0*9 

Brownish starchy matter, 9*0 

Peculiar gum, 6*0 

Animalised matter, 5 0 

Woody fibre, . . . , 67 *8 

Salts: extract of i>otash, 6*0; phosphate of potash 
and chloride of potassium, 3*4, ... 9*4 


Fruit of Capsicum annuum, . . 100*0 


The hygroscopic moisture ranges in different samples from 10 
to 13 per cent. The writer analysed several samples of genuine 
cayenne, and the mean of these analyses was as follows : — 


Aqueous extract of dried cayenne, 
Aux>holic extract, 

Benzole extract. 

Ethereal extract, . . 

Ash, ..... 
Total nitrogen in 100 grms.. 


Por cent. 
32 1 
25*79 
20*00 
10*43 

5*693 (soluble, 3*32) 
: , 204 


Hence the ash of cayenne should not exceed 6 per cent. ; it 
should yi^ld at least one-quarter of its weight to alcohol, and 
from 9 to 10 per cent, to ether. 

§ 306. The Adulteratiorus of Cayenne usually enumerated are : all 
kinds of red mineral powders, from biick-dust to cinnabar, and a 
few* starches. There does not appear, however, to have been any 
conviction recently for the adulteration of cayenne, and the 
numerous samples the writer has examined were all genuine. 
Most of these additions would be easily detected in the ash, or 
. by the microscope. Cinnabar is highly improbable ; for its detec- 
tion, see ‘‘Mercury,” in the second volume of this work. 
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THE SWEET AND BITTER ALMOND. 

§ 307. The sweet almond, the seed of Amygdala comnmnisy and 
the bitter almond, the seed of Amygdaliis communis^ var. Amara^ 
enter either in whole or in part into so many articles of food 
(such as sweetmeats and pastry, and as a flavouring ingredient 
into cen’tain drinks), that it is absolutely necessary to be acquainted 
with their chemical composition. Both varieties of almond agree 
in containing about 50 per cent, of a bland fixed oil (consisting 
chiefly of olein, and liable to become rancid), as well as an 
albuminous principle, euiulsin, sugar, gum, and woody fibre ; 
but only in the bitter almond is found, in addition to the fore- 
going, amygdalim. 

§ 308. I'he Oil of Almonds is a thin fluid oil, of a clear yellow 
colour, specific gravity 0*914 to *920, not coagulated by a cold of 
- 10® ] at — 16® it becomes cloudy, and at -22° it solidifies to a 
white butter. Oil of almonds appears to be rather frequently 
adulterated with other oils. 

2*5 drops of the oil, shaken with an equal bulk of nitric acid 
(specific gravity 1 *20) and bisulphide of carbon, should not show 
any colour after standing a few minutes ; if it becomes within 
half an hour yellow, or reddish yelloM'’, the change indicates oil 
from chei'ry or apricot kernels. • 

The following test will detect drying oils : — Dissolve one part 
of starch in 3 parts of warm nitric acid, of 1*20 specific gravity, 
and warm in a capacious vessel over the water-bath with 10 parts 
of almond oil, until all evolution of gas ceases. The oil after 
cdoling is within two days changed into a warty, crystalline, 
greasy mass of elaidin. Should it, however, contain a drying oil 
{popp^fy for example), it either remains quite fluid or semi-fluid, 
according to the proportion of the adulterant present. The 
colour of the elaidin is also a guide; that produced by the sweet 
almond is pure white, by the fetter, yellowish-white, and by the 
small or infeiior kinds of almonds, brownish-yellow; if the elaidin 
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should be red, it denotes adulteration of some foreign oil, especially 
of sesame. 

Pure almond oil dissolves in 25 parts of cold and 6 of hot 
alcohol. The above tests, and in addition the low temperature 
required for congelation, should detect all ordinary adulterations. 

§ 309. Amygdaline ^ glucoside, discovered in 

1830 by Eobiquet and Boutron-Charlard. It may be extracted 
from almond-cake by boiling alcohol of 95 per cent., and then 
precipitated from the somewhat concentrated alcoholic solution 
by ether. Amygdaline* crystallises from 80 per cent, alcohol in 
colourless glittering scales, containing two atoms of water : it can 
also be obtained in crystals. Amorphous amygdaline of the 
before-mentioned cherry-laurel leaves and buckthorn bark is best 
obtained by the following method : — The dried buckthorn bark 
is boiled with absolute alcohol, agitated with lead oxide, and 
evaporated to dryness. Dried in a vacuum over it forms 

a brittle, yellow, transparent, resin-like mass, which, when heated 
to 100®, becomes dark-brown; it can be dissolved by boiling 
alcohol and by water, but is insoluble in ether. Although amor- 
phous, it is a crystalloid with three atoms of water, as proved by 
dialysis from water or weak spirit, bub in such a case it loses one 
atom if dried over sulphuric acid. At 100"^ to 120° it may be 
obtained anhydrous. 

Amygdaline possesses no smell ; it has a slightly bitter taste ; 
its reaction is neutral, and it polarises to the left [a] — 35*57°. 

It dissolves in all proportions in boiling water, and in 12 parts 
of cold of 10°; requires 148 pai*ts of alcohol, specific gravity 0*939, 
904 parts of alcohol, specific gravity 0*819, if cold — but if boiling, 
11 parts of the first and 12 of the last ; it is insoluble in ether. 
It melts at 120°, and begins to carbonise at 160°, when it develops 
a caramel smell, and is at length fully destroyed. 


* Lehmann, in his recent elaborate researches, found the method of Liebig 
and '\J^ohler the best for obtaining cryHialline amygdaline. The process con- 
sists in boiling the substance with strong alcohol (of 94 to 9«'5 |>er cent.) 
twica Buccessiveiy, after having first removed the fixed oil by petroleum 
benain^ concentrating to about one-half or one-sixth of its volume ; and then 
adding ether,, which precipitates the amygdaline, and removes any of the 
remaining fixed oil. Lehmann obtained from 


Bitter ahnonds, 
Gberry-kemels, 

Fium 'kennels. 

Apple-seeds, 

Peach-kem^s, 
Cherry-laurel leaves, 

Baik of jRfuimnusfrangala^ 


2*5 per cent, crystallised amygdaline. 
0*82 


0*96 

0*60 


1*38 per cent, amorphous amygdaline. 
9*7 99 . 99 


Both of these latter substances contaiii hydiw^aiiio acid ready j^rmed. 
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Amygdaline, by the action of dilute hydrochloric acid, splits up 
into glucose and mandelic acid, volatile oil of almonds, and formic 
acid. If boiled with solutioi^s of potash or baryta it forms ammonia 
and amygdalic acid. The most interesting decomposition is, how- 
ever, that which takes place by the action of emulsin ; it then 
breaks up into volatile oil of almonds, hydrocyanic acid, and formic 
acid. (See Prussic Acid^ in the second volume of this Work.) 

Volatile Oily or Essence of A ImondSy does not exist as such in the 
bitter almond ; it is, as above explained, the result of the decom- 
position of the amygdaline. The oil of almonds, when properly 
purified from prussic acid, is identical with the hydride of benzole, 
CyllgOH. It is colourless, thin, turning a ray of polarised light 
to the right, of a peculiar, pleasant odour, and a burning aromatic 
taste. Its specific gravity is 1*043 to 107, usually 1*06 (Hirsch). 
Its boiling point is 180°. By the action of light and air it is 
gradually oxidised into benzoic acid. It is soluble in equal parts 
of alcohol, 0*830 specific gravity, and in about 30 parts of water. 
The ethereal or volatile oil is officinal in the French, Swiss, and 
Norwegian pharraacopoeias. The ethereal oil is much adulterated. 
The analyst will specially look for alcohol, prussic acid, nitro- 
benzine, and ethereal oils. 

If alcoholfreey the addition of an equal weight of fuming 
nitric acid produces no effervescence, and after two or three 
days the mass becomes emerald green, and crystals of benzoic 
acid appear. On the other hand, if it contain alcohol from 
0 08 per cent upwards, there is immediately a strong effer- 
vescence. Some of the tests given for alcohol at pp. 375-376 may 
also be of service. 

The detection and estimation of jn'v.ssic acid in the essence is 
carried out on the principles detailed in the article on Prtissic 
Acid (see vol. ii.) 

Niirohenzine is indicated when the essence is not entirely 
soluble in a solution of bisulphato of potash, and the specifio 
gravity is higher than 1*07, the specific gravity of nitrobenzine 
being 1 *20 to 1 *29 ; the boiling point will also be raised. In such 
a case nitrobenzine should be specially tested for, by changing it 
into aniline by reducing agents. For this purpose 10 parts of 
dilute sulphuric acid (specific gravity 1*117) may be added to 10 
of granulated zinc and 1 part of the essence. At the end of two 
hours (after frequent agitation) the fluid is passed through a 
moistened filter, and a crystal of chlorate of jKDtash added to the 
filtrate with a drop of concentrated sulphuric acid. If a violet 
or red colour is produced, it is due to the presence of an aniline 
salt, produced from nitrobenzine; but if there is no coloriationy 
xdtrotenzine must have been absent. 
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Another special method used for the detection of nitrobenzino 
was proposed by Maisch : — 1 grm. of the essence is dissolved in 
twelve times its volume of alcohol, of caustic melted potash 
is added, and the whole heated until the liquid is diminished to 
about one-third. The pure essence, on cooling, is of a light 
brown colour, and dissolves entirely in water; but if nitroben- 
zine is present, the residue is brown, crystalline, and insoluble 
in water. 

The action of sodium on the essence may also be utilised as a 
test: — Pure almond essence, when treated with sodium, gives 
white flocks; if nitrobenzine should be present, the sodium is 
immediately covered with yellow or brown flakes, according to 
the amount of adulteration; if the percentage rises as high as 
0-30 to 0*50, the whole liquid after a minute becomes thick and 
opaque. {Drageudorff,) 

However, the action of potash alone on a sample adulterated 
with nitrobenzine is tolei-ably conclusive. If one grm. of the 
essence is ti*eated in a test-tube with half its weight of pure 
caustic potash, a yellow coloration is produced, should the 
essence be pure; but if nitrobenzine be present, the tint soon 
becomes yellowish -red, and at tlie end of a minute green. On 
the addition of a little water, the mixture separates into two 
layers, of which the lower is yellow and the upper green, the 
latter changing in the 00111*86 of a day into red. Most foreign 
ethereal oile may be detected by the bisulphate of soda test : — If a 
little of the pure essence be dropped into a warm solution of this 
salt, of from 1*24 to 1*26 specilic gravity, shaken, and then 
diluted with hot water, it is fully dissolved; other essences, on 
the contrary, are insoluble. 
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ANNATTO. 

§ 310. Annatto is a colourin^r-matter obtained from the seeds 
of the Biosa orellanay chiefly prepared in Brazil and Cayenne. 
Although not used itself as a food, it enters into several articles 
of consumption, and has been employed to colour milk, butter, 
and cheese. 

Mieroscoincal Cfiaracters . — When annatto is examined by the 
microscope, the outer red portion presents an almost homogeneous 
appearance, and the surface of the seed projier consists of narrow 
or elongated cells or fibres vertically disposed, while the inner 
white portion consists of cells filled with starch corpuscles, well 
defined, of medium size, and resembling in the elongated and 
stellate hilum the starch granules of the pea and bean. 

In manufactured unadulterated annatto, but little structure is 
met with. Portions of the outer cells may be seen; and in those 
specimens, which in the course of their preparation have not been 
subjected to the action of boiling water, a few starch giunules 
may be noticed. 

Since this is the case with annatto itself, we can the more 
easily detect the presence of most foreign vegetable substances, 
l^uch as turmeric powder, the starch of wheat, iwe, barley and 
sago flours. Tlie salt and alkali present in the annatto generally 
greatly alter the appearance of the turmeric. Most of the 
colouring-mattcr of the cells is discharged, so that the starch 
corpuscles contained within them become visible. Loose starch 
granules of turmeric may also be frequently seen, and in conse- 
quence of the action of the alkali much enlarged. 

§ 311. Chemical Composition of Annatto, — l)r, John found the 
pulp surrounding the fresh seed to consist of 28 parts of 
colouring resinous matter, 26*5 of vegetable gluten, 20 of ligneous 
fibre, 20 of colouring extractive matter, 4 formed of matters 
analogous to vegetable extractive, and a trace of spicy and acid 
matters. The colouring-matter consists of a red substance-— 
5mn, associated with a yellow, the latter has been as 

yet but little studied. 
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Biam, Ci 5 Hjg 04 , whon pure, is an anioq)hous, resinous, cinna- 
bar-rad aubatance. Ifc is scarcely soluble in water and bisulphide 
of carbon, soluble in about 89 parts cold, and in 25 of hot, 
alcohol ; in 345 parts of ether, in 93 of chloroform, and also in 
the caustic and carbonated alkalies. The alcoholic solution is 
colouirod orange-red by lead acetate, brownish -yellow by chloride 
of mercury and acetate of copper, brown-red by chloride of iron, 
and it is precipitated yellow by stannous or stiinnic chloride; 
concentrated sulphuiic acid produces a deep blue. A solution 
of bixin in an alkaline liquid, on neutralisation with an acid, 
gives a precipitate of the resin, and in this way it may be purified. 

§ 312. Adidieratiom . — ^Aniiatto is one of the most adulterated 
substances met with in commerce, the adulterants being both 
organic and inorganic. The organic substances used are — tur- 
meric, rye, barley, and wheat flours. The inorganic — sulphate of 
lime, carbonate of lime, salt, alkali, an oily substance (probably 
soap), red ferruginous earths (mostly Venetian red), red lead, 
and copper. 

When large quantities of flour and lime are used, the colour 
of the annatto is so reduced that it becomes necessary to use 
salt, alkalies, and the red earths, to restore it to its original 
standard. Salt heightens the intensity of vegetable reds, hence 
its use. Lead is probably introduced into the annatto through 
the Venetian red used. Copper is added to prevent the annatto 
becoming attacked by fungi. 

The following is an analysis by the writer of a fair commercial 
sample. 

No. 1. The sample was in the form of a paste, colour deep red, 
odour peculiar, but not disagreeable : — 


Water, 24*2 

Besin - . . 28*8 # 

Aah, . : . 22*6 

9 Starch and Extractive Matter, . . . 24*5 

100*0 


ThQ following is an analysis of an adulterated sample. It was 
in the form of a hard brown cake, texture hard and leathery, 
odour disagreeable: — 

Water, . . . ... . . 13*4 

Beain, . . • . . . . . 11*0 

Ash— ^coneistizig of Iroa, Silica, Chalk, Alumina, Y ^q.q 
and Salt, . . . . . . .] 

Extractive Matter, 27*3 

100*0 
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§ 313. The Analysis of AnnatiOj as may be gathered from the 
preceding description, principally resolves itself into a deterzni- 
nation of the ash and an f^estimation of the resin. The former 
is determined in the usual way, the latter by exhausting the 
sample by boiling alcohol, getting rid of the spirit by evaporation, 
and then redissolving the extract thus obtained in an alkaline 
solution, and finally precipitating the nearly pure resin by care- 
ful neutralisation with an acid. 
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OLIVE OIL. 

§ 314. Olive oil, as indicated by its name, is extracted from 
olives, that is, the fruit of the Olea Etiropea. Olives furnish from 
20 to 25 per cent, of their weight of oil. 

Pure olive oil is pale yellow, or yellowish-green, perfectly 
transparent, with a faint agi'eeable odour and taste; it com- 
mences to thicken and solidify at from -f- 6® to + 8*^, and being 
one of the oils least liable to become rancid, is used for a variety 
of technical purposes as well as for food. The consumption of 
this oil in Franco as a food or as an adjunct to food, is especially 
ikrge in proportion to the population ; in Paris alone more than 
6000 hectolitres being consumed yearly. According to Konig, 
the elementary composition of olive oil is, carbon 7 6 *67 per cent., 
hydrogen 11*96 per cent., and oxygen 11*38. By saponifying 
with lead oxide, Konig obtained 2*01 per cent, of glycerine, and 
60*92 per cent, of oleic acids ; he returns the rest as palmitic * 
and stearic acids. Van der Becke found, when he saponified with 
lead oxide, 3*76 per cent, of glycerine, but saponified with alcoholic 
potash 6*41 per cent, of glycerine. 

§ 316. Adulterations of Olive Oii.— The adulterations of olive 
oil have excited more public attention on the Continent than in 
this country;* but there is little doubt that the oil is very % 

* See a letter from the French Minister of Agricnltare to the Academy. 

Oomptes liendtis, Ixxxix., p, 518. 
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extensively tampered with, oils from cheaper subjects being 
substituted or added in large proportion. The number of 
processes which have been proposed fqr the detection of adulte- 
ration of oils in general, and olive oil in particular, is embarrassing 
to the student, and the results in genei*al are disappointing, all, 
without exception, only detecting with certainty comparatively 
large admixtures, and being deheient in that precision which 
an English court of justice requires. However, the interesting 
observation made by Van der Becke, that when various fats are 
saponified by lead oxide, lime, and potash, very different amounts 
of glycerine are obtained, has led to the invention of quantitative 
processes, enabling the analyst to detect with certainty foreign 
admixtures.* Thus Van der Becke saponified the following fats, 
and obtained percentages of glycerine as under — 


Cocoa butter, 

Lead Oslilo, 

•23 

21!l 

Potasb 

5*1)9 

Tallow, 

•13 

2-43 

7*84 

Butter, 

. 7-93 

7*90 

10*59 

LaT<l, 

(1*60 

S-27 

9*27 

Olive oil, . 

376 

... 

0*41 

Bape-ae^ oil, . 

4*20 

... 

4*58 

Linseed oil, 

4-40 

... 

0*20 


It is to be hoped that further work will be done in this 
direction. 

The processes now used for the detection of adultemtion in 
olive oil may be divided into physical and chemical. 

(1.) Physical . — The spectrum of olive oil shows an absorption 
of the blue and violet rays, a fine line in the green, and a distinct 
deep band in the red. B. Nickelst has proposed to use these facts 
in order to detect the admixture of cotton-seed oil, which gives 
no bands, and on comparing a definite measured stratum of tM 
suspected oil with the same thickness of genuine oil, by the 
difference in the intensity of the absorption adiilteratioii will 
be indicated. * 

Rousseaus Diagomitre . — rAccording to Rousseau, olive oil 
conducts electricity 675 times better than any other vegetable 
oil, and be has arranged a most ingenious galvanic apparatus for 
the purpose of detecting the adulteration of the oil by this means. 
The apparatus ossen^ally consists of a galvanometer connected 
with a diy pile, the needle works on a delicate pivot fixed in a 
resin, plate, and there is a circle divided into degrees marking 
the amount of deviation. The oil to be tested is placed in a 

* Zeit^chr^fUr AnalyHsclie Chemie.^ 1880, p. 201. 
t 1881, May. 
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small cup, and the current transmitted ; the better the oil con- 
ducts electricity, the greater the deviation of the needle from the 
zero point at which it is applied to a metallic upright connected 
with the oil by a wire. 

Cohesion Figures . — This physical process is described at p. 292. 
A genuine sample of the oil must be at hand, and drops of this 
and of the oil to be tested must be allowed to fall from the same 
height, and, in a word, under exactly similar conditions, on to the 
still surface of water side by side, when a good judgment may be 
formed from the pattern of the film, and its similarity or dis- 
similarity to that of pure oil. 

Specific Gravity . — The specific gravity is best tjiken in the 
ordinary way by a specific gravity bottle at 15°. The following 
table shows the density of olive oil and that of a few of the oils, 
such as poppy and cotton-seed, which are often used for the 
piu^pose of adulteration. 


Sjiecific gra^'ity, taken at . 15 *0^' 

Olivo oil *9176 

Poppy oil, *0243 

Cotton-seed oil, *9310 

8weet almond oil, *9180 

Arachis oil (from the A?//)oym), . *9170 

Colza oil, *9136 

Sesame oil, *9230 

Nwt oil {JugloJia 9260 

Beech -nut oil, *9225 


It is evident that the specific gravity will only be a conclusive 
proof when the adulterant has a gravity much higher or lower* 
than that of olive oil. With mixtures of an oil like, for example, 
arachis oil, of similar density, a determination of the gravity 
mil not of itself throw any light upon the purity of the sample. 
Nevertheless, a determination of specific gravity should be always 
made as a matter of course, since it may confirm other tests, and 
in every case a knowledge of the density is important. 

(2.) Chemical Teats — Oxidation . — The so-called “elaidin’' test, 
in which the oil is treated with nitric acid and copper turnings, 
and thus by oxidation transformed into a solid mass, is not of 
very much value as a test for purity, though possibly, by acting 
on a known pure sample, and examining it side by side with the 
suspected oil, valuable information may be obtained. The old- 
fashioned nitric acid test, according to Mr. Michael Couroy, 
applied as follows, is of some service — 1 part of strong nitric 
acid is mixed with 9 parts of the oil, and warmed until the action 
is fairly set up ; the flame is then removed, and the mixture 
stirred with a glass rod until the oxidation is over. Pure olive 
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oil thus treated sets into a pale straw'>coloured» hard mass in an 
hour or two ; while cotton and other seed oils assume a deep 
orange-red colour, and do not set lik^ olive oil. He asserts that 
there is a regular gradation of colour, according to the percentage 
of adulteration, and that by imitation mixtures approximate 
quantitative results may be obtained. The amount of delicacy 
under the most favourable circumstances does not appear to be 
more than 5 per cent. 

A similar oxidation test is that of saturating sulp^liuric acid 
with hyponitric acid, adding it to the oil, and noting the time in 
which it sets to a solid mass ; 7 grins, of the acid thus prepared 
are added to 9 grms. of oil ; at 5° olive oil sets to a solid mass in 
ten minutes, and after twenty-four hours is a white hard mass. 

Arachis oil, rape oil, and cotton oil get solid later in about an 
hour; while sesame oil after twenty-four hours is still as soft as 
honey. Mixtures of oils of slow solidifying properties with olive 
oil, are in proportion to their percentages slower of coagulation. 
Here, as in all other cases, a pure sample of oil for comparison is 
an essential. M. Lipowitz has proposed the following as a special 
test for poppy oil : If 1 pai*t of chloride of lime be added to 8 
parts of olive oil, the latter, if pure, separates completely into 
two layers at the end of four or five hours, the temperature 
being from 17® to IS"*; but if it is mixed with an eighth or more 
of poppy oil, the separation is incomplete, and takes place with 
extreme slowness. According to M. Lailler, every olive oil must 
be considered false which, when mixed with one-fourth of its 
weight of chromic acid, does not at the end of twenty-four hours 
present a perfectly opaque liquid. According to Chevallier, in 
one part of France the oil is sophisticated with honey, an 
adulteration not likely to take place in England. It is easily 
discovered, for the oil has only to be shaken up with water, and 
the water separated and submitted to the usual tests for sugar. 



PART IX.-EXAMINATION AND ANALYSIS OF 

'water. 

§ 316. Pure water neither exists in nature nor even in the 
laboratory of the chemist, save on those rare occasions when, with 
immense expenditure of time and labour, water is purified either 
by repeated distillation over permanganates in a vacuum, or made 
syntlietically. Neverthel(?ss, however difficult it is to obtain 
even an ounce of water which shall consist of 1 part of hydrogen 
and 8 parts of oxygen by weight, and no other admixture, it may 
yet be very easily obtained sufficiently pure to warrant the epithet 

pure” water — containing impurities only to be detected by 
reagents of great sensibility, or, what amounts to the same thing, 
by operating on a lai'ge quantity of water. In the analysis of 
water, therefore, it need scarcely be added that it is not the water 
per se which the chemist really analyses ; but his researches are 
directed with the object of unveiling and determining the nature, 
and where possible the amount, of whatever may be present, 
foreign to water, whether in suspension or solution, whether of 
mineral origin or as one of the myriad forms of life.” The 
experimental and analytical methods in use mainly fall under 
the following divisions — 

I. ExAJtiNATiOiN’ BY THE SENSES. — Smell, Sense of Taste, and 
General A])pearance. 

II. Physical Examination. 

III. Chemical Methods. 

IV. Biological. — Embracing A, microscopical appearances ; B, 

cultivation of fungi and dormant germs ; C, experiments 
on animals and human beings ; D, experiments on fish. 

I. Examination by the Senses. 

§ 317. Water that is evidently turbid, that possesses an odour 
and an unpleasant taste, requires uo anatyticaJ, processes to coivienwh 
it entirely ; such a loater is unsuitable for drinking purposes. A 
water that even possesses any one of the enumerated bad 
qualities will, as a rule, be found to hold in solution sufficient 
impurities to .make it decidedly objectionable. Most drinking* 
waters when looked at, or tasted, or smelt, without special 
precautions, have neither colour nor odour; on the other hand, 
all water, if viewed through a sufficiently deep stratum, possesses 
colour. 

Colour. — *To ascertain the colour of water, it is usual for analysts 

34 ' ■■■■■: 
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to be provided with a colourless glass tube, at least 2 feet in 
length, having the ends closed with plate glass, and a small 
opening in the side of the tubethroijgh which to pour the water. 
A cheaper method of securiijg an aperture through which to 
introduce the water is to have a segment cut out of one of the 
glass discs, or a segmental section out of the end of the tube 
itself j the most convenient diameter of the tube is 2 inches, but 
one greater or smaller will answer the pui'pose. To make an 
observation, the tube is lialffilled with the water to be examined, 
and then directed towards a white surface, which may be a white 
cloud in the sky or an equally illuminated sheet of paper. The 
air-hlled space above the water then affords an excellent semi- 
circular disc of comparison, and renders it easy to detect the 
slightest shade of colour. The purest waters have the slightest 
tinge of blue ; the next in order of purity have a just distinguish- 
able shade of green. Decided green tints, London fog hues, amber 
yellow, and brown tints are those possessed by waters tinged 
with peat, containing suspended matters, of second class composi- 
tion, or those of considerable impurity. ^ 

Smell. — Half a litre of the water or more is warmed in a large 
corked or stoppered flask to 38® [100® F.] ; a long glass tube of 
three-quarters of an inch in diameter is now inserted, and the 
water sucked up once or twice so as to wet the side of the 
tube thoroughly; then, without taking the tube out of the flask, 
one nostril is applied to the orifice of the tube, the other closed 
by the finger, and deep inspirations or sniffs ” taken. 

Another simpler plan is to warm a quantity of the water, with- 
out removing the stopper, iip to the temperature given, then shake, 
remove the stopper, and smell ; a putrid odour denotes decomposing 
animal or vegetable matter. If the sample is much polluted by 
fresh, sewage, a urinous odour is not unfrequently distinct. But, 
again, it may be specially noted that water quite unfit to drink may 
haye no odour, hence the usefulness of the test is limited. A posi- 
tive smell teaches volumes — a negative result is of little value. 

Ta$te. — ^A few waters, and a few only, have a decided taste. 
It is scarcely to be recommended that analysts should taste 
Isamples derived from fever-stricken localities ; but, on the other 
hand, when there is no suspicion of the samples having been the 

Messrs.' Crookes, Odling, and Tidy, in their report on the London waters 
supply for 1881, describe an ingenious ** colour meter,*’ consisting of two 
hollow wedges fllle^ one with a brown and the other with a blue solution. 
Any desired combination of green and blue may be made by sliding the 
wedges across each other in front of a circular aperture in a sheet of metal, 
and thus imitating the tint of water under examination; each prism is 
graduated from 1 to 60, the iigures rex>resenting millimlbtres of the thickness 
at that particular part of the piism. 
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cause of any illness^ the palate may detect some not unimportant 
peculiarity. 

II. Physical Exakinatiox. 

§ 318. The physical examination is mainly microscopicaL Dr. 
W. Russell and W. Laplace* have recently discovered, it is true, 
that with a column of pure water 6 feet in length there is a 
distinct single absor{)tion-band ; and hence it is probable that, at 
all events, waters containing desmids and green vegetable cells 
generally would show particular spectra, but this has not yet 
been worked out j it will be more convenient for our purpose to 
consider the microscopical appearances later. (See p. 340.) 

III. Chemical Methods. 

§ 319. A complete examination by chemical processes embraces 
the following determinations : — 

1. Total solid residue. 

2. Estimation of the lialogcns, chlorine, and occasionally 

iodine, and in a few cases bromine. 

3. Phosphates. 

4. Nitrates and Nitrites. 

5. Sulphates. 

6. Oxygen consumed in the Forchammer process. 

7. Free and albuminoid ammonia. 

8. Hardness. 

9. Alkalinity. 

10. Organic Analysis — Estimation of organic carbon and 

nitrogen. 

11. Mineral analysis of water. 

The ordinary analyses, sufficient in most cases to pronounce an 
opinion as to the fitness of a water for drinking purposes, em- 
brace only 1, 2, 3, 4, 6, 7, and 8. 

1. ToM Solid Residue. — By th^ total solid residue of a water 
is meant the substances in solution, as determined by drying up 
a measured portion, and weighing the dried residue \ if the water 
contain suspended matters, it should first be filtered, and 
a portion of the clear filtered liquid taken. The amount suitable 
for this determination depends upon the characters of the water. 
The soft Devon waters yield a very insignificant residue from 
100 ea, and to obtain trustworthy results, at least a quarter of a 
litre is required \ while, on the other hand, with calcareous wate^, 
good results may be always obtained from 100 cc. With waters 
the characters of wbich a^e unknown, it will be best to operate on 
; ^ J<mrnal of the Chemical Society. April, 1881. 
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a quaYter of a litre, or (if working with English measures) one- 
twenti^h of a gallon. The water may be placed in a platinum 
dish, and evaporated down to a smaU quantity over a ring burner, 
taking care that the liquid in no case boils or even simmers 3 the 
last drops are driven off on the water-bath. It is recommended 
by the Society of Analysts to heat the residue up to 104®*4(220®F.) 
in the air-batli, and then to cool under a desiccator ; but with 
waters of unknown composition, it will be best to weigh the 
residue, which has not been exposed to a greater heat than 100®, 
for it is always open to the chemist to expose the residue thus 
obtained to lugher temperatures. The examination of the solid 
matters by the eye will often not unfrequently reveal much. 
Iron gives a coppery lustre to the dish, manganese a green to the 
ash, and very pure waters leave a residue almost white. The 
dish with its contents is next heated to a low redness, by the aid 
of a good Bunsen’s burner, furnished with a rose, and then cooled 
and weiglied. Note should be taken of any blackening or scin- 
tillation. The dish is again cooled and weighed, the loss of weight 
being returned as loss on ignition, and this final residue is 
dissolved in the manner to be described, and used for the 
qualitative determination of the 2>ho8phates. 

2. Estimation of the Halogens . — The estimation of chlorine is an 
essential part of the ordinary scheme of water analysis ; that 
of iodine is rarely (perhaps too rarely) i)erformed, while so few 
waters contain an estimable amount of bromine, tliat it need not 
be here described. 

Chlorine , — Clilorine exists in ordinary waters in the form of 
sodic chloride, and occasionally a small portion of the total 
chlorine is combined with potassium. It is always estimated 
volumetrically by a standard solution of silver-nitrate (See Ap- 
2>endm), using as an indicator neutral potassic chromate. Nitrate 
of silver in presence of potassic chromate and alkaline chlorides 
(when the solution is neutral) first uses uj) or< decomposes all the 
chloddes, and then attacks ^he chromates. Chloride of silver 
being white, and chromate of silver being red, the formation of 
silver chromate is indicated immediately by a red colour. At 
least 100 cc. of ordinary water (or, if grains are worked} with, 
140 grains) are to bo taken for the determination of chlorine. 
With mucn-polluted waters, with those near the seashore or 
other places in which the ground is impi^gnated with salt, such a 
quantity may be inconvenient, and it will be necessary then to 
dilute with distilled water, taking of the diluted liquia a known 
quantity. In any case, the water is put into either a white 
l^rcelain dish or a beaker standing on a white slab. 1 co. of 
the chromate solution (or 16 grains) is added to the water, and 
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the standard solution run in from a graduated burette or pipetta 
The exact termination of the process is best observed through a 
glass cell, in which a little p^e chromate solution has been placed. 
Since the eye, looking thus tiirough yellow light, is very sensitive 
to the red raySj it may be necessary — especially where great 
accuracy is required — to repeat the determination in the follow- 
ing way. The water from which the red colour of the silver 
chromate cannot be discharged by stirring, is rendered again 
whitish-yellow, by the cautious addition of a very dilute solution 
of common salt. A fresh portion of water is titrated in a firesh 
dish or beaker, side by side with the former ; in this way the 
first perrnanent difference of colour can be observed. The results 
may be expressed in chlorine as chlorides, or it may be returned 
as common salt ; the chlorine found may bo multiplied by the 
factor 1*648, or more exactly by 1*64788. The following short 
table may facilitate calculation 


Chlorine. 

Sodtnm Chloride 

1- 

1*648 

2- 

3*296 

3* 

4*944 

4* 

6*592 

6* 

8*240 

6* 

0*888 

7- 

» 11*536 

8* 

13*184 

9* 

14*832 

10* 

16*480 


Iodine. — M. Chatin* has upheld the theory, that goitre is caused by 
waters insuflBciently iodised— a })roj) 08 ition which cannot be considered 
proved. However, although M. Chatin has failed to convince the scientific 
world of the truth of liis theory, he has done good service in showing how 
easy the detection and estimation of iodine in water really Is, and in demon* 
strating the fact that most waters contain it in appreciable quantity. The 
process which M. Chatin used in his researches was ; To evaporate one or 
two litres of the water to dryness with pure potassie carbonate, to odcine 
very motlerately this dry residue, and to extract with stroog adcohol of 
94 per cent. This alcoholic solution is again evaporated to myness, and 
moderately calcined ; the last residue is dissolved in a very little water, and 
will show all the reactions of potassie iodide. It is colorimetrically estimated 
by palladium. A solution of chloride of palladium gives a distinct colour 
with an infinitesimal quantity of iodine ; hence it is only necessary to have a 
sts^dard solution of potassie iodide, containing say 1 milligrainme in lOD 
oc., and to estimate it precisely on the same principles as detSUed (page 5!^) 
for ammonia. Mr. Marchand,t pursuing the same line of resesu^es, haa 
preferred to precipitate from ten to twenty litres with nitrate of sily^, 
collect thd precipitate which may c<mtain the chloride, iodide and bromide o£ 
silver, and mjMolve it in sodtc hyjKmuipbite. The silver is now thrown out 
of this solution by sulphuretted hydrogen, and the solution, when freed from 

* xxxv., xnnx. t 
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inlver snlpbid^ evaporated to dryness with a little hydropotassio carbonate. 
In this way he obtains the chloride, bromide, and iodide of potassium. When 
the residue is perfectly dry, it is extract^ with strong alcohol of 85 per 
cent. ; the alcoholic liquid is evaporated ih dryness at a temperature not 
excee^g 75®. This last residue is again taken up by alcohol, and treated 
similarly to the potassic iodide obtained by Chatin*s method. 

3, PhosphcUes . — The residue after ignition is treated with a very 
little nitric acid, and evaporated to dryness ; this treatment 
renders the silica insoluble. It is now again dissolved in a few 
drops of nitric acid, some water added, and filtered through an 
exhausted filter. If the filtrate is more than 6 cc., it should be 
concentrated to a smaller bulk, and its own volume of the 
molybdic solution added. The solution thus treated, and gently 
warmed, gives a more or less deep colour or a decided precipitate, 
according to the amount of phosphoiic acid presonh It may be 
estimated colorimetrically by a known solution of sodic phosjfiiate, 
but this with no great accuracy. To make a gravimetric 
estimation of phosphates, save in polluted waters, may require 
several litres, and will seldom repay the trouble. Hence phos- 
phates may be returned in a qualitative manner as ** traces” 
with a feeble colour ; decided evidence ” with a darker colour, 
and as estimable amount” if there should be a precipitate. 
The Analyst Committee Ifave adopted “ traces” “ Ikjeavy trances” 
and ** very heavy trems” as expressing three degrees of phosphate 
contamination. Such phrases are convenient, though somewhat 
paradoxical, and the author therefore prefers the more logical 
form of expression given above.’ 

4. Estimation of Nitrates , — The several methods in use for the 
estimation of nitrates may be arranged under three heads : — 

(1.) Estimation of nitrates by conversion of the nitrate into 
ammonia. 

(2.) Estimation of nitmtes by decomposing the nitrate into 
nit ric oxide, and measuring the gas, 

(3.) Indirect estimation by fheans of indigo. 

(1.) Estimation as Ammonia,— The most convenient method of 
obtaining the nitrogen of nitrites and nitrates in the form of 
ammonia is decidedly by the aid of the “ copper-zinc couple/’ 
This method was first proposed by Gladstone and Tribe, and 
afterwards worked out in detail by Mr. M. Whitley Williams.* It 
appears that the copper-zinc couple decomposes nitrates firat into 
nitrites, and then the nitrites into ammonm ; nitrites are^ present 
to the last, and when all the nitrites have disappeared, it is 
certain the conversion into ammonia is complete, A low tern- 

* Journal of Chemical Society, Idareh, 1881. 
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perature, alkalies, alkaline earths and tlioir carbonates, retard the 
reaction, while carbon dioxide, all acids, mineral acids, oxalic, 
phosphoric and common salj:, as well as elevation of temperatuie, 
increase the reaction. In practice, a temperature of 24^ is 
recommended as easily attainable. 

Manufacture of tfie Copper-Zinc Couple . — Pieces of clean zinc- 
foil, about 3 inches by 2 inches, are immersed in a 3 per cent, 
solution of cupric sulphate, the zinc rapidly becomes coated with 
metallic-copper. When a sufficient coating is obtained, the 
solution is poured off, and the couple well washed with water, 
finally drained, and the water for analysis poured on to the 
couple. It is best to do these processes in one and the same 
stoppered bottle. The water may nearly fill the bottle, and the 
stopper may be inserted, for there will be no gas evolved until 
the nitrates are entirely decomposed. The water thus treated is 
put in a warm place, and if the action is allowed to go on all 
night, the ammonia will be ready for estimation in the morning. 
The quantity to be taken for the estimation of nitrates according 
to this plan, may be a quarter of a litre, or, if English measures 
are used, say 5 ounces. To very hard waters the addition of a 
little oxalic acid is recommended. In any case where there is 
doubt wrhether the conversion into ammonia is complete, Griess’s 
test, to be mentioned further on, sho^jld be used ; and if there is 
evidence of nitrous acid, the water must be Igft for a longer period. 
If the water possesses colour interfering with the Nessler agent, 
or matters precipitated by Nessler, it must be distilled in the 
ordinary way, and the ammonia estimated in a fractional parS 
of the much-diluted distillate- In most cases this Ls unnecessary, 
and by taking a measured quantity of the water and diluting 
it considerably, a fairly correct colorimetric estimation can be 
made by the direct addition of the Nessler reagent to the water 
thus diluted. It will be necessary to subtmet from the amount 
of ammonia found, that whicli has been determined to exist in the 
water as ammonia. The ammonia derived from nitrates and 
nitrites must be expressed either as nitrogen or as nitric 
acid. 

The Aluminium Procees . — The metal aluminium, when acted 
on by a caustic alkaline solution, decomposes nitrates into 
ammonia. A solution of soda of about 10 per cent, is prepsured 
perfectly free from nitrates, by dissolving bit by bit metallic 
sodium in water. Any convenient quantity (such, e.^., as 100 
cc., or 2,000 grains) of the water is placed in a suitable retort^ 
which is fi tted in an air-tight manner to a condenser, terminating 
in a flask as in the arrangement figured at page 378. An equal 
quantity of the soda solution is added, and the whole boiled until 
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free from Ammonia ; the retort is cooled, and the aluminium-foil 
dropped into the liquid, the whole is left over-night, and in the 
morning heat is applied to the retort^ and the ammonia distilled 
over, and estimated in the usual way. 

(fi.) Estimation of Niti*ates as Nitric Oxide — Crum Process . — ^This 
is, perhaps, of all methods the most accurate, and it can be 
recommended to those who possess a suitable gas apparatus in 
perfect working-order, or a Lunge’s nitrometer. The principle 
on which the method is based, is the fact that strong sulphuric 
acid, acting on nitrates or nitrites in the presejice of mercury, 
decomposes the nitrates or nitrites, and the whole of the nitrogen 
is cfvolved in the form of nitric oxide. The details of the process 
are bidefly as follows : — It is absolutely necessary, for the appli- 
cation of the test, that the nitrates be in concentrated solution; 
hence the nitrates must be extracted with as small a quantity as 
possible of hot distilled water, from the dry residue of half a litre, 
or any other convenient quantity, according to the nature of the 
water. The author recommends, previous to this determination, 
a rough indigo assay of the amount of nitrates, which is useful as 
a guide. The hot-water extract (which contains nitrates, nitrites, 
if present, and chlorides)* is evaporated down to about 1 cc., and 
the liquid transferred to the decomposition tube, which is a short 
tube about 3 inches long, constricted at one end, and furnished 
with a cup and stopq^k ; open at the other, and having a boro 
easily closed with the thumb. This tube is filled with mercury, 
iliverted, and clamped in a mercury trough with the cup uj)per- 
most ; it is now easy to transfer the solution of nitrates by 
pouring the solution into the cup, and cautiously opening the 
stopcock. The vessel in which the filtrate has been concentrated 
is then rinsed into the cup with pure strong sulphuric acid, and 
ultimately one and a half times the volume of the concentrated 
nitrate solution of strong sulphuric acid is worked into the tube 
by opening carefully the stopcock. No air must be allowed to 
gain admittance. Should gatf be immediately evolved, it is 
carbonic dioxide, and must be got rid of, for nitric oxide is not 
at once evolved. On the mixture of sulphuric acid and nitrate 
having been transferred into the tube, the lower end is closed 
by the thumb, and the tube shaken so as to mix up the acid and 
the mercery, when the gas in a short time begins to come off, 
and considerable pressure may have to be exerted. When the 
^reaction is complete, the contents are transferred to any ^ 
apparatus and measured. Every two volumes of nitric oxide 

considered necessary to remove chlorides by silver 
Slnw^ary'^^ Warrington’s expenments have shown this to be 
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equals one volume of nitrogen. The weight of the nitrogen is 
obtained from Table LVIL (p. 557). 

(3.) Indigo Process, — Thi% process is based on the decolourisa- 
tion of indigo when nitrates or nitrites are decomposed by strong 
sulphuric acid. 

When certain kinds of organic matter are present, the results 
are entirely without value. On the other hand, with careful 
working, the test is correct with the great majority of waters, 
^ and as a means of rapidly determining the nitrates in unknown 
samples, with a view to their determination by other more exact 
processes, it is very useful. Four grms. of sublimed indigotin are 
digested for some hours with five times their weight of Nordhausen 
oil of vitriol ; tlie liquid is diluted with water, filtered, and 
brought to the volume of 2 litres.^ A normal nitre solution 
is made by dissolving 1*011 grm. of pure potassic nitrate in one 
litre of water. From this solution, solutions of j and 

normal are prepared. An assay is now made by mixing, say 
20 cc. of the nitre solution with any amount of the indigo 
solution deemed sufiicient, in a wide-mouthed flask of 150 cc. 
capacity. Oil of vitriol is run into a test-tube, the volume being 
equal to the united volumes of the indigo and nitre. The con- 
tents of the test-tube are then suddenly tipped into the flask, 
and the flask transferred to a chlovide4>f o«alcium bath maintained 
at 140*^. If the solution of indigo is insufficient, the liquid will 
be suddenly decolourised ; if it is too much, no bleaching will 
take place, tlie liquid still retaining its blue colour. In either,^ 
case a fresh determination will bo requisite, and by doubling or 
halving thj| amount of indigo for the next experiment, as the case 
may be, the operator will soon find the limits, and five or six 
experiments will standardise the solution. In every instance 
a quantity of sulphuric acid, equal to the united volumes of 
indigo and watci’, must be used; the indigo solution should be 
diluted so as to be about equal to the nitre solution. As it is 
found that the quantity of indigd consumed is not pi^ecisely in 
proportion to the nitric acid present, but diminishes as the 
nitrate solution becomes more dilute, the further standardising 
of the indigo solution by the more dilute solutions of nitre already 
alluded to is necessary. The results may be thrown into a table 
as follows, (See Table LIII., next page.) 

The method of using the table is sufficiently obvious to those who 
are accustomed to calculations of the kind ; supposing, for example, 
20 cc. of the water used up 6*64 cc. of the indigo ; this is *5 ca 
above the nearest number in the table, viz., 6*14. Now, taking 

* See Mr. Worruu^n^s excellent paper, Joum. Chemical Socktyi Sept, 
1879, p. 579 ; ake, JE^ankland's ** Water Analysis,** p. 31. 
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TABLE LTII. — Value of Indigo, in Nitrogen, for Different 
Strengths of Nitre Solution. 


Strength of 
Nitre Solution 
Ueeti 

' 

Indigo 

required. 

Difference 
between 
Amoituta 
of Indigo. 

1 . 

Nitrogen 
Corres|>ondiug 
to 1 cc. of 
Indigo. 

Difference 
between the 
Nitrogen 
Values. 

Differenoo in 
the Nitrogen 
Values for » 

* Difference of 1 
cc. in the 
Amount of 
Indigo. 

A normal, . 

A 

B 4 »» • 

K 

bV .. . 

cc. 

10-00 

S71 

7-43 

6-14 

4*86 

3-57 

2-29 

1 00 

cc. 

129 

1*28 

1*29 

1*28 

1-29 

1*28 

1*29 

•000035000 

•000035161 

•oooom^o 

*000035627 

•000036008 

•000036764 

•0000.38209 

•000043750 

‘000000161 

•000000160 

‘000000‘298 

•000000:181 

•000000756 

•000001445 

•000005541 

•000000125 

1 -000000132 
'000000231 
•000000-298 
' -000000586 
•000001129 

1 ‘000004295 


the extreme right-hand column, the difference for the nitrogen 
values of 1 cc. will be found ; and as there is in this case a 
difference of only half that quantity, halving the number gives 
us -000000115 ; this number has to be subtracted from the unit 
value of nitrogen found in the first column, tlnis : — 

-000035627 - -000000115 = -000035512, 

which is the nitrogen-value of each cc. of the indigo. Hence, 
as we have supposed that 20 cc. of the water decolourised 
C-64 cc. of indigo, the nitrogen as nitric acid in parts per 100,000 
is 1*179, or in grains per gallon -82 grain. If the indigo estima- 
tion of nitric acid is only a preliminary step to a further and 
nioce exact determination by the Crum method, these refine- 
ments are not necessaiy. The indigo solution is standardised 
once for all by the normal solution of nitre, and if the nitrates 
are either very large or very small, an allowance is made. 

Nitrites , — However important the detection qualitatively of 
nitrites may be, it is seldom necessary to determine them 
quantitatively ; but when this is required it would appear that 
the reaction between nitrous acid and meta-phenylenediamine, 
first proposed by Peter Griess, and since elaborated by Preusse 
and Tiemann, affords the readiest method both of detection and 
estimation. Meta-phenylenediamine gives a red colour with 
nitrous acid, even in very dilute solution. It is so delicate a 
reagent as to be capable of detecting one part of nitrous acid in 



§ 319.] WATER. 523 

30,000,000 parts of water. For the estimation of nitrates by 
this method, there will be required, — 

(1.) A solution of 5 grms. of meta-phenylenediamine in one 
litre of water, and made aci!& with sulphuric acid. 

(2.) Sulphuric acid, strength 35 per cent. 

(3.) A solution of pure potassic nitrite, strength ‘01 mgrm. 
of NgOg in every cc. This is^best made by dissolving 406 of 
argentic nitrite in hot water, decomposing it with a slight 
excess of potassic chloride, allowing the silver chloride to settle, 
and then diluting each 100 cc. of the clear fluid again to a litre. 

The actual operation is performed by putting 100 cc. of the 
water to be tested into a narrow glass cylinder, and adding first 
1 cc. of the sulphuric acid, and then 1 cc. of the metii-pheny- 
lenediamine. If a red colour is immediately developed, less 
of the water must be taken, and it is to be diluted until 
the colour just shows itself at the end of one or two minutes. 
The colour thus obtained is imitated as exactly as ]>ossible by 
running from a burette a small quantity of the standard nitrite 
solution into a similar cylinder, adding a similar quantity of 
sulpluu'ic acid and the meta-plienylencdiamine; in short, the 
operation is precisely akin to XesBlerisingy It must, however, 
be remembered that the nitrite solutions thus treated are 
continually getting darker, so that the final determination must 
be started simultaneously, and the final shade observed in both 
at the end of the same interval of time, which, as the reaction 
is somewhat slow, may be at the end of from twenty to twenty - 
five minutes. 

6. Sulphates, — Any convenient qiiantity of the water, carefully 
measured, is acidified with hydrochloric acid, and heated nearly 
to boiling; while hot, some solution of chloride of barium is 
added, so as to bo in slight excess, and the solution kept near 
the boiling point for some time. The sulphate of barium is 
allowed to settle, collected on a filter, dried, ignited, and weighed; 
one part of baric sulphate equals il34335 of sulphuric acid. 

6. The Forchamnver^ Ooi^gm or Permanganate Process , — The 
principle of this process is the abstraction of oxygen by the 
organic elements of the water, and the estimation of the oxygen 
thus abstracted. *395 gnu. of potassic permanganate is dissolved 
in a litre of water, which gives a solution containing 1 mgrm. 
in every 10 ca, or, if worlang in grains and septems, 2 gi'aiiis 
of permanganate in 1,000 septems of water, equalling *01 grain 
of available oxygen in 20 septems. This is the standard solution. 

The determination is now usually made, as recommended by 
the Society^ of Analysts, in two stages, on two equal quantities 
of water, viz.-— (1.) The amount of oxygen absorbed in fifteen 
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minutes, and commonly due to nitrites, or, at all events, sub- 
stances very readily oxidisable; and, (2.) the amount of oxygen 
absorbed in four hours. The time for |his last detemination used 
to be given as three hours, but the four-hours period is preferable ; 
and even then it is easy of proof that, if the water be allowed 
to stand, there still remain matters capable of being oxidised. 
The temperature is an important factor, for numerous experi- 
ments have shown that the amount of oxygen consumed varies 
greatly at different temperatures. The Analysts' Society have 
adopted 26“*6 (30'* Falir.), and in order to ensure uniformity this 
temperature is here recommended. It is, however, pi*obable that 
better and more uniform results would be attained by boiling 
the water and permanganate for an hour. In some interesting 
experiments by Messrs. Wigner and Harland,* river water, to 
which a known quantity of pure sugar had been added, was 
found to have absorbed more oxygen at the end of two hours, 
at 37®'7 (100*^ Fahr.), than during six hours at 15°-5 (60'* Fahr.), 
and almost as much as during six hours at 26^*6 (80'* Fahr.) 
Similarly, river water contaminated by a known quantity of 
urine used up equal quantities of oxygen when acted upon by 
permanganate for six hours at 26®*6 (80® Fahr.), as it did when 
the process was accomplished in two hours at 37® 7 (100® Fahr.) 
The actual operation is as follows : — 

Two stoppered flasks are taken, and a quarter of a litre of 
the water put in each [or 3,500 grains], Tlie bottles, with their 
contents, are immersed in an air-bath until the temperature 
rises to 26‘**6 ^0** Fahr.), then 10 cc. [or. 100 grains] of dilute 
sulphuric acid [1 : 3] are added, and the same quantity of the 
standard permanganate. One of the bottles is taken out at the 
end of a quarter of an hour, and two or three drops of potassium 
iodide added to remove the pink colour. After thorough ad- 
mixture, there is run into it from a burette a solution of sodium 
hyposulphite, the value of which has been determined by 
titrating 10 cc. of the standard potassium permanganate in 
distilled water until the yellow ' colour is nearly destroyed; 
then a few drops of starch water are added, and the hjrposulphito 
added until the blue colour is just discharged. At the end of 
four hours the other bottle is removed and titrated in exactly 
the same way. Should the pink colour diminish very rapidly 
during the four hours, another measured quantity of permau-* 
ganate must be added. - 

If A be taken to express the amount of hyposulphite used 
for a blank experiment with pure distilled Water^ B the water 

Action of Permanganate on Potable Waters at Different Tem- 
peratures. March, 1881, p. 39. 
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under examination^ and a the amount of available oxygen in 
the quantity of permanganate originally added: then, the oxygen 
consumed by the quantity of water operated on would bo 

(A - B)a 
A 

or, in actual figures, 10 cc. of a permanganate solution, equivalent 
to *001 grm. of oxygen, were added to a quarter of a litre of 
distilled water, and to the same quantity of a sample under 
analysis. The distilled water used 40 cc. of hyposulphite, the 
water 15 cc. at the end of four hours. Then the oxygen con- 
sumed by the quarter litre was 000625, according to the equation 

= 000G25 
40 

or per litre, *0025 [*175 grain per gallon]. 

7. Ammonia, Free and Albumhioid . — The estimation of ammonia 
depends on the principle that it admits of ready distillation 
when it exists in the water as ammonia, provided that the water 
is alkaline. Since, therefore, nearly every natural water is 
alkaline, distillation of water is alone sufficient to expel the 
ammonia. If a water, by testing with cochineal, is found to be 
acid, then it will be necessary to add a little recently ignited 
carbonate of soda (or, perhaps better, a little recently burnt 
magnesia), until an alkaline reaction is obtained. The a2)paratu3 
required for the estimation of free and albuminoid ammonia, is — 

(1.) A good large stoppered retort, fitting into a full- sized 
Liebig^s condenser, through wliich a constant stream of water 
is running. 

(2.) Measuring-flasks, either in septoms or litres. 

(3.) Cylindei's made of clear glass, ^^Nessler cylinders.” 

S 4.> One or two pipettes, 

6.) Nessler reagent {see Appendix, p. 653). 

6.) Standard solution of ami]|onium chloride {see Appendix, p. 
553.) 

(7.) Solution of alkaline permanganate {see Appendix, p. 553.) 
The water is first tested with a little of the Nessler reagent j 
if it shows any decided colour it may be necessary to distil a very 
small portion, say a quai-ter of a litre, diluted with a sufficient 
quantity of pure, ammonia-free water. But if, on the other hand, 
there is j^o colour, or a doubtful one, a litre of the water should 
be distilled, or a fifth of a gallon. On distillation, 100 cc., or 1400 
grains, are collected in one of the glass cylinders, and 5 ca> or 
one-twentieth of its volume, of clear straw-coloured Nessler 
solutiQu added. If there is any ammonia the distillate thus 
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tested will be tinted or coloured, the colour varying from a very 
pale straw up to a dark amber. If the colour should be very 
deep, it is impossible to estimate the ammonia with even an ap- 
proach to accuracy, unless the dark solution is very much diluted 
and made up to definite volumes, of which definite volumes 
fractional parts are taken. The next step is to estimate the am- 
monia by imitating the colour. This is done by running into 
some distilled water one, two, or more cc.*s of tlie standard 
ammonium chloride solution, and adding exactly the same amount 
of Nessler solution as had been added to the distillate. The 
solution is now made up to precisely the same bulk as the dis- 
tillate, and the liquids, thus in equal columns, compared by look- 
ing down through them on to a glass plate or white porcelain tile 
or slab. 

It is important to compare the solutions at the same period of 
time, for there is a slow darkening of colour, partly dependent on 
absorption of ammonia from the atmosphere, and partly duo to 
the completion of the reaction. If the colour does not agree, a 
second, third, and fourth trial is made. These trials may be much 
shortened by pouring off a certain quantity of the darker liquid 
until the shortened column has the same tint as the longer 
column, and then confirming the result thus obtained by an actual 
trial. Thus, 5 co. of ammonium chloride, equalling *05 milli- 
grammes ammonia, were found, when tested in 100 ca of water 
wth 6 cc. of Nessler, to give too dark a colour. Hence the am- 
monia in tJie distillate was less than *05 mgrm. What quantity 
would it probably contain t The Nessler cylinders were gradu- 
ated into parts, and on pouring off a certain quantity of the 
darker solution, until the columns were equal in colour, the one 
column was 67 parts high, the other 80. Hence, if 80 parts were 
equal to *05 mrgra. of ammonia, 67 must be equal to *042; and it 
is only necessary to test the correctness of this by a second deter- 
mination, using this time about 4 cc. of the standard solution. 

By giraduated Nessler glasses, having taps near the bottom 
in order to run off a portion, as well as by colorimeters, such 
as Mills and other like contrivances, Nesalerising’^ is much 
ex2)edited and facilitated. Nevertheless, it is not a very accurate 
method of estimating ammonia. The verdict must be useful and 
comparative, not accurate. The accuracy of colorimetric estima- 
tions of ammonia depends upon the practice of the observer, and 
the sensitiveness of his eye for differences of colour. There are 
n^wy pei^ns who, from some physical peculiarity of sight, can 
only distinguish a few shades, and even with the greatest care 
can make no very accurate colorimetric observation. 

Returning to the actual estimation of free ammonia, the water 
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must be distilled in successive fractions, until no more free am- 
monia is detected in the distillate. This occurs generally whenl50 
cc. or 200 cc. (that is, one-fifth of the entire quantity) of the water 
taken has come over, then Mie water is ammonia-free. The next 
step is to estimate* in the same water the albuminoid ammonia. 

Albuminoid Ammonia, — When Mr. Wanklyn published first 
the albuminoid process it was very generally adopted, and it may 
be considered as yielding quickly certain data, assisting in the 
final verdict of an analyst. To the water about one-tenth of its 
original volume of the alkaline permanganate {seeAppeiidiXy p. 553) 
is added ; the water is again distilled ; successive fi^ctions of the 
distillate are tested with Nessler, and the ammonia therein con- 
tained determined in the same way as in the free ammonia esti- 
mation. Here the analyst often has considerable difficulty, from 
the circumstance that evidently the alkaline permanganate often 
sets free certain compound ammonias, which strike a tint with 
the Nessler rc-agent entirely different from that given by pure 
ammonia. In certain cases it may, indeed, be necessaiy to esti- 
mate the ammonia by titrating with a feeble and very dilute 
acid. The free ammonia is usually returned as ammonia ; the 
albuminoid should properly be returned as “ nitrogen as albuminoid 
ammonia'* It is scarcely necessary to remind the operator that 
all retorts, condensers, &c., used for these estimations must be 
ammonia-free, and that ammonia from any analytical operation 
must not be allowed to contaminate the laboratory atmosj)here. 
The most ready way to render it certain that there is no ammonia 
in the condenser is to acidify a little water with sulphuric acid, 
and then distil until the distillate is ammonia-free. 

8. Hardness, — A, Before Boilbw , — In a corked or stoppered 
bottle 1000 gi*ains, or 100 cc., of the water to be tested aro» 
placed. The standard soap solution {see Appendix,'^, 553) is run in, 
10 grains, or 1 cc., at a time, and after each addition the cork or 
stopper is replaced, and the bottle shaken violently, and observed 
as to whether a permanent latl^er forms or not. If not, then 
another measured quantity is run in, and so on until the desired 
effect is produced. Waters containing but little magnesia give a 
good lather, and the reaction is fairly sharp. With magnesian 
waters the reaction is slow, and not so easy to observe. When a 
lather has been obtained, it is well to repeat the experiment, and 
in this second assay to run in within half a division tlie whole pf 
the amount of soap solution thought to be necessary ; then a 
further portion of the soap solution is run in very gradually in 
tenths of a cc., or single grains, until the lather is permanent. 
The hardness is expressed in degrees. However, when the hard- 
ness is more than 16 % it is not possible to estimate it in this 
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way with accuracy, and the water under examination must be 
diluted with distilled water to double its bulk, and then the same 
quantity as above recommended taken for the estimation : in this 
case the number of degrees found mj^st, of course, be multiplied 
hyX 

1^. Hardness after Boiling, — A quantity of water, precisely the 
same in bulk as in the former experiment, is boiled briskly for half- 
an-hour, and made up to the original bulk with distilled water ; 
• filtered, cooled, and treated with soap solution, exactly in the 
same way as in the previous case. 

9. Alkalinity, — The alkalinity of water is best taken by using 
as an indicator an alcoholic solution of tincture of cochineal, which 
is not affected by carbonic acid, and strikes a beautiful crimson 
purple colour with a trace of alkali, a reddish-yellow with acids. 
JOO cc. or more are placed in a tall cylinder of colourless glass, and a 
decinprmal hydrochloric acid is run in, drop by drop, from a 
burette until the colour changes to a yellowish hue. The result 
is expressed in terms of carbonate of lime, each cc. of decinormal 
acid equalling 5 mgrm. of carbonate of lime. 

10. Organic Analysis of Waler: Estimation of Organic Carbon 
and Nitrogen, — (1.) Carbon, — There are four main ways in which 
the carbon in a water residue is estimated — (1.) as gas; (2.)gravi- 
metrically; (3.) nephelometrically ; (4.) indirect methods. 

(1.) Carbon as (ros.— t-The first method(which consists in burning 
up the carbon into carbon-dioxide, and estimating both it and the 
nitrogen in a suitable gas-apparatus) we owe to Dr. Frankland, 
who proposed and practised it as early as 1867. 

Frankland! s Combustion Process, — A quantity of water, varying 
from 100 cc. to a litre, according to the amount of impurity sus- 
pected from other determinations [especially of the free ammonia] 
is evaporated to dryness with special precautions. These pre- 
cautions are mainly two — (1.) The protection of the sample from 
dust during the evaporating process, and (2.) the destruction of 
carbonates, nitrates, and nitrites, which, it is scarcely necessary 
to say, would greatly interfdte wi^th the results, and indeed 
render them valueless. Small quantities of water, such as sewage 
and the like, can be evaporated under any improvised cover, but 
for larger quantities Dr. Frankland recommends a self-filling 
cbcular water-bath, on the, top of which rests a flanged copper 
capsule, serving as support to a thin glass dish, in which the 
evaporation of the water takes place. The dish is protected from 
dust by being covered by a tall glass shade, such as is used for 
statuettes. The bulk of the water for evaporation is contained 
in a flask, to the neck of which is a ground glass tube bent ap- 
propriately. The flask, when filled with the water and connected 
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with this tuhe, is by a quick movement inverted, so that the end of 
the tube rests on the glass dish. A little above the end of the tube 
there is a short side tube bent at right angles, of smaller diameter 
than the tube itself, the efifcct of which is that directly the water 
in the dish falls below the little angle of this tube, air bubbles up 
into the flask, and more water runs into tho dish. In this way 
the evaporating dish is kept at a constant level until the whole 
of the water is used up. The steam condenses on the inside of 
the glass shade, and collects in the copper capsule underneath the 
glass dish, and is finally conducted away by a piece of tape 
which passes over the copper lip of the bath. The evaporation 
of a litre of water takes about 26 hours, but with proper arrange- 
ments it is continuous, and when once started requires no super- 
vision. The evai)orating time is really a small matter, for the 
analyst can begin it one morning, and it will be ready the next. 
Before tho water is submitted to evaporation it is boiled briskly 
with 20 cc. of sulphurous acid ; or if previous estimations have 
shown that there is a larger quantity of nitrogen as nitrates and 
nitrites than '5 per 100,000, a larger amount of sulphurous acid 
must be added. To ensure the destruction of nitrates, a drop of 
ferrous chloride is added to the first dishful of water. Lastly, in 
dealing with waters deficient in carbonates (in which case the 
sulphurous acid, when oxidised to sulphuric, might not offer a 
sufficient base for combination, and therefore there might be some . 
destruction of the organic matter), 1 or 2 cc. of a saturated solu- 
tion of hydric sodic sulphite are added, which will give any 
sulphuric acid, otherwise free, sufficient base for combination. 
When the evaporation is complete, the next step is to remove the 
residue from the dish and burn it up in a vacuum with oxide of 
copper. To avoid this removal, Dr. Dupre has proposed and used 
a collapsable silver dish : the water in this dish is evaporated 
down in the usual way, and then the dish can be rolled up and 
thrust into a combustion tube. If the analyst does not use the 
silver dish, the residue must be rqjnoved by the aid of a flexible 
spatula, and mixed with copper oxide. The combustion tube, 18 
inches long and of rather narrow bore, is cleansed and dried, 
and charged by the aid of a small metallic scoop, first with a little 
coarse oxide, after which the residue is mixed with oxide ; lastly 
some more oxide is added, and in front of this is placed a roll of 
copper gauze which has first been oxidised in air and then reduced 
in hydrogen. 

The usual precautions in filling a combustion tube for organic 
analysis are, of course, to be strictly observed. The tube is now 
placed in a combustion furnace, exhausted of all air by a Sprengel 
pump, the tube made gradually red-hot, and the gas finally trans- 

35 
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ferred to a gas apparatus. The present writer has forsaken the use 

of Sprengel pumps, and for this 
and all other vacuum operations 
* empfoys the mercury pump de- 
scribed at page 70, the figure of 
which is liere repeated. The 
combustion tube is attached by 
a short piece of pressure tubing 
direct to the bent tube at Z, 
made perfectly vacuous, and 
when no air is delivered into B 
the stopper, F, is replaced by the 
tube SS'P. After having filled 
the thread of SS'P with mercury, 
and again seen that there is no 
air in the apparatus, it should 
be left for a short time to ascer- 
tain whether the single joint is 
sound. Any leakage is dis- 
covered by the mercury column 
sinking in AA. All being sound, 
the point P is placed under any 
eudiometer or gas-apparatus 
which the analyst may have, and 
the combustion proceeded with, 
the gas finally being pumped 
into the measuring apparatus 
by opening the stopcock S', and 
Fig. 46. working the reservoir R up and 

down. There is no method superior to this, and few equal to it. 

The author also uses a gas apparatus somewhat different from 
that generally employed. This apparatus consists (see fig. 47) 
of a reservoir. A, attached by an india-rubber pressure tube to a 
glass tube, B, which in its tui^ is connected with the steel block 
invented by Mr. J. W. Thomas.* The barometer tube, C, pos- 
sesses no stopcock, it being unnecessary; but it is filled perfectly 
with mercury, and then stoppered with caoutchouc and a bit of 
glass rod, and finally sealed from any air-leakage by a little cell 
filled with mercury (S). The laboratory tube, V, is a glass 
cylinder of J diameter and 5 in. in length, and provided with 
several divisions at equal distances. It is secured by a suitable 
clamp in the mercury trough [this clamp is omitted in the dia- 
gram], and when it is wished to connect it with the reservoir and 
barometer this is easily effected by slipping it on to the end of the 
* Jimrnal of the Chem, Sodety^ May, 1870, p. 218. 
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tube^ I, which is fitted securely and permanently into the bottom 
of the mercury trough, and has been ground so as to fit the end 
of the laboratory tu& with g, perfect yet easy joint. V is also 
jacketed, as indicated by 
dotted lines. The jacket 
is a short cylinder, closed 
at thetopbya caoutchouc 
stopper, through which 
pass two tubes, the one 
connected with india> 
rubber tubing from the 
barometer jacket, the 
other connected with a 
waste pipe. There is no 
practical difierence as to 
the particular course for 
the water to take. It 
may enter the top or the 
bottom of the jackets, but 
there must be a con- 
stantly running stream. 

It is necessary, first of all, 
to find the exact milli- 
metre division of the 
barometer tube, which 
each division of V corre- 
sponds to, and this is 
efiected by directing a 
low power telescope, or, 
as for that, a tube to each Fig. 47. 

division provided with a spirit level. It is also necessary to 
know the exact capacity of V, which is obtained by filling it 
with water, and allowing air to gradually displace the water, 
weighing the different fractions of the displaced water at each 
division. 

To make an ordinary analysis of a gas containing nitrogen 
and carbon dioxide, the gas is collected or transferred into V ; 
V worked on to I; the reservoir lowered, after opening the 
way in the- steel block, to both barometer tube and laboratory 
vessel, until any convenient division in V is reached (a good 
stream of water running all the time through the jackets) j the 
height of the barometer tube is now read, the temperature of 
the water noted, and the usual calculations made. To absorb 
the carbon dioxide, V is carefully removed from off I, of course 
taking care in the removal that the open end of Y is not lifted 
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above the mercury. A small bit of potash is now melted on to a 
platinum wire moistened and thrust up into the gas ; it remains 
there until by shaking no further absorption is observed. The 
^ wire is then withdrawn, and V worked on to I as before, and 
the gas measured. If the laboratory vessel is furnished with 
platinum wires near the top, the apparatus can also be used for 
analyses by explosion. The writer prefers to absorb carbon dioxide 
in the old-fashioned way, by a piece of potash, so as not to soil the 
mercury too much by liquids ; but when it becomes a question 
of the use of alkaline pyrogallic acid, or Nordhausen sulphuric 
acid, it is better not to use the laboratory vessel described, but to 
slip on to the end of I a small piece of rubber tubing, so as to 
make the largo end of an ordinary burette fit mercury- and air- 
tight. The upper and smaller end of the burette is provided 
with good pressure tubing provided with a clamp, and by means 
of a bit of thick- walled capillary glass tubing connected with the 
pipette figured* 

The pipette consists of two bulbs, A and B. C is a thick- 
er glass tube, with a capillary 

bore; at X is the India-rubber con- 
nection. Before commencing an ab- 
sorption, A must be filled through B 
with the reagent; it is then, when 
properly connected, easy to drive the 
^ gas over into A, and also at the last 
a thread of mercury sealing C. The 
pipette may now be disconnected and 
well shaken without any loss of gas, 
and absorption is far more rapid than 
when liquid reagents are applied in the 
ordinary manner. An analysis of a 
sample of air, and one of a gas con- 
sisting of carbon dioxide, nitric per* 
oxIUe and nitrogen, may be cited as 
an example. 

•dir. — ^A sample of air brought to the tenth division of a 
burette fitted on to I, barometer tube reading 900 mm., but the 
barometer reading corresponding to division 10, is 325 mm. 
Therefore this has to be subtracted ; 900 - 325 = 575 mm., which 
is the pressure of the total gas. On taking the burette off* I, 
and inserting a moist stick of potash, and again reading at the 
same division, the barometer reading is now 899*8 mm. ; this 
subtracted from 900 gives, as the tension of the carbon dioxide^ 
•2 mm. Lastly, on impelling the gas into the pipette (fig. 48), 
and submitting it to the action of alkaline pyrogallate for two 
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hours with frequent shaking, and measuring at the same divi- 
sion, the barometer reading is 780*9, which subtracted from 
the former reading gives as the pressure of the oxygen 119 mm. 
Hence t 


Pressure of carbon dioxide, .... *2 

„ oxygen, 119*0 

,, nitrogen, 455*8 


Total pressure, . . . 575*0 

Since the temperature was constant throughout, if the volume 
in percentages only is required, the calculation is as follows *. — 


(1.) 

575 ; 

•2 

: : 100= carbon dioxide 

20*0 _ 
org-^^-=03 

(2.) 

575 : 

119*0 

: : 100= oxygen 




That is, the air contained *03 per cent, of carbon dioxide, apd 
20*69 per cent, of oxygen. 

In a determination of the carbon and nitrogen of a water 
residue (from a litre), the following is an exaxnple of the method 
and of the numbers obtained : — The gas was pumped out by the 
mercury-pump direct into V, V was then fitted on to I, and 
measured at the fourth division ; the pressure of the mercury as 
read on the barometer tube was 850 mm.; but since the division 
itself equalled or corresponded to 284, the total pressure of 
the gas was 850 - 284 = 566 ram. On now absorbing by a stick 
of potash, the pressure was found to be 534, therefore the ten- 
sion of the carbon dioxide was 850 — 584 = 266. Two bubbles 
of pure oxygen were now added, and the gas, which immediately 
became of a red colour, submitted to the action of alkaline 
pyrogallate; after this operati8n tho barometer reading was 
674, and therefore the pressure of tho nitric peroxide was 
684 — 574 = 10 mm. We have, therefore, the following deter- 
minations : — 

Division 4 =23*5 oc. Temp. = 11“ *5 

mm. 

Tension of nitrogen and nitric oxide, . . . 300 

„ nitrogen, 290 

„ the three mixed gases, .... 566 

These operations have furnished three uncorrected volumes of 
gases — 
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A. Volume of the three mixed gases. 

B. Volume of nitric oxide and nitrogen. 

0. Volume of nitrogen. 

The volumes must, therefore, all ho reduced by the usual cal- 
culations to 0® temp, and 760 mm. pressure. . 

Prom the corrected volumes the quantities of carbonic dioxide 
and nitrogen may be reduced as follows : — 

A - B= volume of CO 2 

B-0 ^ B+C , ^ 

— ^ + C = — = volume of mtrogen. 

From these corrected volumes of nitrogen and carbonic dioxide, 
the weights of carbon and nitrogen can be obtained by calcula- 
tion or by tables. There is, however, a far simpler means of 
arriving at the desired result by the aid of the following data : — 

1. The weights of carbon and nitrogen contained in equal 
volumes of carbon dioxide and nitrogen gases, measured at the 
standard temperature and pressure, are to each other as 3 : 7. 

2. The weights of nitrogen contained in equal volumes of 
nitrogen and nitric oxide are as 2 : 1. 

‘Hence, if we assume that for the purpose of calculation the 
gaseous mixture consists entirely of nitrogen, and that two 
successive portions of the nitrogen are removed from it by the 
reagents ; then, if A bo the weight of the total gas calculated 
as nitrogen, B the weight after absorption of the first portion 
(COg), and C the weight after the absorption of the second por- 
tion (NgOg) ; further, if x and y represent respectively the 
weights of carbon and nitrogen contained in the gaseous mix- 
ture, then the following simple equations express the values of 
X and y : — 

y y— 2 

In the example given the cakulation is as follows : — 

A. . 

Log. of div. 4 (23*5 cc.), 

Log. of 666, .... , . 

Log. from table LVII, j). 667, corresponding to 11? *5, 


R 

Log. divi 4, . . ... 

Log. of 300, . . . ... ! 

Log. from table LVIL, p. 667, corresponding to 11® *5, 


1- 37106 

2- 76281 
-6-20029 


-2-32416 


=-02109 


1- 37106 

2- 47712 
-6-20029 
-2-()4847 


= -01187 
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C. 


Log. div. 4, .... 
Log. of 290, .... 
Log. from table LVIL, p. 557, 
BpondiDg to 11‘^'5, 

« 


Carbon, 

Nitrogen, 


= 1-37106 

= 2-46239 


corre- 


= -_6;20029 

- 2 - 03^4 


= •01080 




•01187+ -01080 


= •01133 


Or the water contains in 100,000 parts -438 carbon, 1*133 
nitrogen. 

Other Methods of Dete'nnining Organic Elements. — Mr. Smethan* 
has published a process which does not entail the drying of 
the residue. 

A litre of the water under examination is acidified with 
phosphoric acid, and concentrated to 50 cc. It is then oxidised 
by means of an oxidising mixture, consisting of 1 grm. of 
bichronate of potash, 1 grm. of pei*manganate of potash, and 20 
cc. of sulphuric acid, of 1 *4 specific gravity. The liquid is then 
boiled, and the COg condensed in an absorption tube on similar 
principles to those adopted by Dupi-^ and Hake, the carbonate 
of baryta being ultimately determined as sulphate. In Mr. 
Smethan’s paper there are full details, and the test experiments 
with known weights of sugar, benzoic acid, isinglass, picric acid, 
and urea appear to be very satisfactory ; but the writer has no 
personal experience of it. 

In 1878 Messrs. J. A. Wanklyn and Cooper took out a patentt 
for a method of determining organic matter in water by means 
of an alkaline solution of permanganate of potash. 

The solutions required for this patent process are : — 

1. A solution of permanganate of potash, 1 cc. of which is 
equivalent to 1 milligramme of oxygen. 

2. A solution of ferrous sulphate, 1 cc. of which exactly 
decolourises 1 cc. of the permaifganate. 

3. A solution of caustic potash (5 per cent). 

4. Dilute sulphuric acid. 

A litre, or any other convenient quantity of water, is placed in 
a clean retort ; 5 cc. of the potash solution and 5 cc, of the per- 
manganate solution are added, and the water is boiled until it 
measures about 700 cc. ^ ^ 

If it decolourises during this process completely, another 
quantity of alkaline permanganate is dropped in. 

After cooling, 10 cc. of the sulphuric acid and 5 co. of the 
* Analyst, Sept., 1880, p. 156. + 1878, Pat. No. 1504. 
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iron solution are added, which, of course, decolourise the liquid, * 
and the standard solution of permanganate is next dropped in 
until a pink colour is produced. 

The following may suffice as an eilample of the method of 
calculation ; — water was boiled in the manner detailed with 
5 cc. of the permanganate and 5 cc. of the potash solution. On 
cooling, sulphuric acid and 5 cc. of ferrous sulphate were added ; 
to restore the pink colour 4 cc. of the permanganate solution 
were required, hence the total permanganate used was the 
original 5 cc. and 4 cc. finally added — total, 9 cc. Subtract the 
5 cc. of ferrous sulphate, which leaves 4 cc. of permanganate used 
by the impurities in the water, and as each cc. is equal to a 
milligramme of oxygen, it follows that the litre of water required 
4 milligrammes of oxygen. 

In a paper contributed to the Philosophical Magasdne, Mr. 
Wanklyn has further developed the process, by stating that even 
acetates may be burnt up to carbonates, by raising the tempera- 
ture of the alkaline permanganate to 160° or 180° with addition 
of a little hydrated binoxide of manganese to stop the evolution 
of oxygen. 

There is no doubt of the powerful oxidising influence of 
alkaline permanganate, but hitherto few chemists, except the 
patentees, have used this process methodically in the examination 
of water, and there has been no general consensus of opinion 
with regard to its usefulness. 

That the patentees can legally claim the invention of oxida- 
tion by alkaline permanganate as their own, seems a proposition 
hardly tenable, since it has been used before by various chemists ; 
but its use in the particular manner laid down in the patent, and 
in the particular proportions given is, of course, a difierent 
matter. 

Gravimetric Estimation of Minute Quantities of Carbon . — 
Drs. Dupr6 and Hake in 1879* published a method of gravi- 
metrically estimating minute quantities of carbon by burning 
up in a current of pure oxygen, and then absorbing the CO 2 
thus produced in baryta water, Rnd converting the baryta 
carbonate into baric sulphate. A product was thus obtained 
which weighs 19-4 times as much as the carbon originally 
present. 

The details of the process are as follows : — A combustion tube, 
open at both ends, and about 24 inches long, is drawn out and 
bent downwards at one end at an angle of 120^, so that it may 
be conveniently attached to a Pettenkoffer’s absorption tube, the 
other end being connected, by means of a caoutchouc stopper and 
k * JoumaX of Chemical Society^ March, 1879. 
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glass tnbing, with an oxygen reservoir. This combustion tube 
is filled half way from the bent end with granulated cuprio 
oxide, which may conveniently be held in position either by plugs 
of asbestos or by platinum* wire gauze, or by a combination of 
both. The connection with the oxygen reservoir being then 
made, the greater part of the tube is heated to redness, with the 
ordinary precautions, and a stream of oxygen (which is first con- 
ducted through a long tube containing caustic potash) is passed 
over the glowing oxide of copper until the issuing gas ceases, 
after long bubbling, to cause any turbidity in the bright baryta 
water. As soon as this point is reached, the portion of the com- 
bustion tube preceding the layer of cupric oxide is allowed to 
cool somewhat, and the tube is now ready to be connected with 
the absorption apparatus. The clean absorption tube is care- 
fully rinsed with water, and is clamped in front of the furnace in 
such a manner that its bulb end is somewhat higher than the 
end to be connected to the combustion tube. Both ends must 
be provided with convenient stoppens, consisting of short pieces 
of caoutchouc tubing closed with a small piece of glass rod. Tho 
stoppers being removed, air, which is first caused to pass through 
a tube containing caustic potash, is pumped through the tube for 
about two minutes, and it is then filled with baryta water as 
follows : — The baryta water (of strength 1*5 per cent.) is kept 
in a sufficiently large stock bottle, provided with a caoutchouc 
stopper, through which pass two bent glass tubes, the long one 
for syphoning, the shorter, to which a potash tube is attached, 
being connected with a small hand-bellows. In filling the 
absorption apparatus, the longer syphon tube is connected with 
it by means of flexible tubing, and the baryta water is forced 
over by gentle pressure of the bellows, the bulb end of the 
absorption apparatus being provided with a potash tube. As soon 
as the absorption apparatus is half filled, the flow of baryta water 
is arrested ; the ends of the Pettenkoffer tube are immediately 
closed by its stoppers, and it is mow ready for use. By these 
means the tube is filled with perfectly clear and bright baryta 
water. The absorption apparatus is now connected with the 
combustion tube, and the combustion proceeded with. Tho 
silver dish containing the water residue having been inserted 
just behind the copper oxide, it is burnt in a slow current of - 
oxygen, and the carbon dioxide is absorbed and converted into 
baric carbonate in the absorption tube. In order to filter off 
and convert the baric carbonate, a funnel and filter are arranged 
to stand over a beaker containing a layer of caustic potash 
. solution at the bottom, the whole being covered by a bell jar, 
which itself stands in a layer of caustic potash solution. The 
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mouth of the bell jar, which is immediately over the funnel, is 
closed by a thick caoutchouc cap with two narrow openings, one 
of which is provided with a caustic potash tube. (Soda lime 
apparently answers equally well.) tThe other, which is tem- 
porarily stoppered, contains a straight glass tube, placed imme- 
diately over the filter so that, after the whole arrangement has 
been left some time to itself, in order that all enclosed air may 
be free from COg, direct connection may be made with the 
Pettenkoffer tube by means of flexible tubing sufficiently long to 
admit of some slight freedom of action. Filtration may thus be 
carried on without danger of COg being introduced from the 
atmosphere, the additional precaution being taken of compelling 
all air which passes through the Pettenkoffer tube during this 
process of filtration, to pass through a tube containing caustic 
potash attached to the tube itself. The washing of the . preci- 
pitate in the tube and on the filter is effected almost entirely 
with boiling water, which has been previously saturated with 
carbonate of barium [solubility 1 in 1 5,000], but finally with a 
small quantity of boiling distilled water. After complete wash- 
ing, the tube is disconnected, and the filter ultimately rinsed 
round, while still under the bell jar, by means of the long tube 
already mentioned, and which, when not clamped, may bo moved 
freely in all directions. The bell jar is then removed, and the 
precipitate is rapidly washed together into the bottom of the 
filter. 

The Pettenkoffer tube, which may contain minute particles of 
baric carbonate not removed by the washing, is rinsed twice with 
small quantities of dilute pure hydrochloric acid (about 1 in 50), 
and finally with distilled water : the rinsings are poured on to 
the filter on which the greater mass of baric carbonate is already 
collected. The filter is further washed with dilute hydrochloric 
acid, and finally with distilled water : and the whole of the 
solution of baric chloride so formed is carefully collected in a 
small beaker. The quantity of such solution need not exceed 60 
cc. This solution of chloride of barium has next to be evaporated, 
which is best done in a platinum vessel on the water-bath. It is 
then transferred, when greatly decreased in bulk, to a much 
smaller platinum dish, weighing about 6 grms., and finally 
evaporated to dryness after the addition of a few drops of pure 
sulphuric acid. The dish and its contents have then to be 
ignited, the residue moistened with a drop of nitric acid and re- 
dried, and the whole re-ignited and weighed to conclude the 
operation. The amount of carbon present is obtained by dividing 
the weight of the baric sulphate by 19*4. 

Nephalometrio -This ingenious method we also owe 
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to Dupr6 and Hake. The carbonic acid resulting from, the 
combustion of an organic residue is passed into perfectly pure 
clear solution of basic lead acetate, and the turbidity produced 
is imitated by known weigjj^ts of COg ; in feet, the operation is a 
colour method conducted on the same principle as “ Nesslerising/’ 
with this important dilFerence, that no success will be obtained 
unless there are si)ecial precautions taken to prevent the con- 
tamination of the solutions by the breath and air, 

The Author^ B Method of Estimating Minute Quantities of 
Carbon. — The writer in 1881 made some very extended, and as 
yet unpublished, experiments on the estimation of organic carbon 
in the air, and the method was afterwards extended to all esti- 
mations of minute quantities of carbon dioxide, in which the 
balance from the small quantity present was likely to give less 
accurate results than measurement as a gas. 

The method, briefly, consists of a suitable arrangement by 
which the carbon dioxide is absorbed in a solution of caustic 
potash, and ultimately evolved as gas. The arrangement for 
evolving the carbon dioxide absorbed as a gas is the same as that 
described at page 09, and is simplicity itself; in fact, the 
materials for the estimation merely consist of a flask with a 
caoutchouc cork, rod, and Bunsen’s valve, an ordinaiy eudiometer 
and mercury trough, and lastly, a little test tube with suflicient 
acid to more than neutralise the potash. The solution in the 
flask is boiled briskly until all air is expelled, then the beak of 
the tube is put under the eudiometer, and the glass rod lifted up 
a little to allow the test tube to fall. A brisk efiervescence takes 
place, and the whole of the gas as pure COg is boiled out into the 
measuring tube. At first the author always proved its purity by 
again absorbing it with KHO, but as the result was always per- 
fect absorption, this was abandoned. Of course, the gas is 
reduced to standard pressure and temperature. 

That this method is applicable to the determination of the 
minute quantity of carbon in a water residue is obvious.* 

Mirveral Arialysis of Water. — drdinary drinking water holds 
dissolved but few saline matters, and when an analyst has 
determined chlorine, nitrates, sulphates, phosphates, and 
carbonates, and also lime and magnesia and alkalies, he will 

mother methods of determiniog o^anic elements have been pressed; 
one of the most recent is a proposition to estimate nitrogen as NHs, by 
first treating the water with tne zinc copper couple, expellmg the ammonia 
thus produced by the decomposition of nitrates ; boilmg the solution to 
dr 3 me 8 S with caustic soda in a copper flask, ultimately raising the heat to 
incineration ; and cond^iaing the products formed, and Nesslerising. — See 
^*On a Method of Estimalmg Organic Nitrogen,” by William &ttel — 
Chemical JVietas, Jan, 27, 1882. 
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usually find, on adding the several amounts together, that he gets 
numbers very nearly equal to the solid saline residue. An 
excellent method of approximately estimating the various saline 
constituents of a water is to evaporate down to dryness a known 
quantity, then to treat the residue with a little hot water, which 
will dissolve all the soluble salts out, but leave insoluble 
carbonate of lime and silica. In the soluble portion, the soluble 
lime, the magnesia, and the alkalies are determined ; the chlorides, 
sulphates, and nitrates, are estimated on the unconcentrated 
water by the processes already detailed. It is also always open 
to make the analysis in the old-fashioned way, that is, to 
evaporate down a large quantity of water, to separate the 
silica by treatment of the ash or residue with hydrochloric 
acid, and after separation of the silica to divide the solution into 
three or four quantities, in which sulphuric acid, lime, magnesia, 
&c., are determined by the ordinary methods. 


IV. Biological Methods. 


§ 320. A. J/icroscopical Appearances , — To make a 
microscopical examination of water, it is necessary to 
collect the sediment or deposit which falls to the 
bottom of the vessel in which the water stands. The 
most convenient way of doing this is to use the author’s 
tube (fig. 49), which holds a little more than a litre. 
The little glass cell C is adjusted to the pipette-like 
end, the rod is removed, and after introduction of the 
water the tube is covered and set aside for twenty-four 
hours. At the end of that time any deposit will have 
collected in the glass cap. On now carefully inserting 
the rod-like stopper, the cap or cell can be removed with 
great ease, and its contents submitted to microscopical 
examination. With very pure waters merely a little sand 
or formless debris coliects in the cap, and there is no life. 
If, however, in the first place eight or ten gallons are 
allowed to deposit in a capacious vessel, most of the 
water run off, and then the last litre rinsed into the 
tube, in nearly every case there may be a few life-forms 
and sufiScient matter collected to give definite results. 
It need scarcely be said that an opinion must not be 
formed upon a microscopical examination without taking 
Fig. 49. into account the amount of water from which the sedi- 
ment has been collected, and a definite quantity should 
be generally agreed on by analysts. As for the present writer’s 
practice — ^when a gallon of water throws down only mineral 
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matters and a little scanty unrecognisable debris without life- 
forms— although kept for at least twenty-four hours at a 
temperature of from lo" to 17“, and exposed to the daylight — 
he considers it, in a mici^scopical sense, pure. The contents 
of the little cap may be conveniently examined as follows : — 
By the aid of a pipette one or more drops are placed under 
the microscope without any preparation, others are divided 
upon several slides, and treated with (1.) dilute iodine solution, 
which will colour starch cells blue ; (2.) aniline violet* — this 
is pa/r excellence the staining fluid for bacteria; (3.) solution 
of carmine in glycerine and alcohol, which colours the nuclei of 
cells red. It will be advisable to work at first with a low power, 
so as to get a general idea of the nature of the larger and more 
opaque particles, and then afterwards investigate with the highest 
powers which the analyst possesses. In using low powers it is 
not well to place any covering glass over the drop, especially if 
a binocular be employed, for the convexity interferes in no way 
with the definition. The matters likely to be found in a water 
residue are— 


1. Lifeless Forms. 

1. Mineral Matters, especially sand, clay, and not unfrequently 
fine spicula of glass derived from the glass pipette, &c. 

2. Vegetable Matters. — In shallow pools, in rivers, reservoirs, 
and, in fact, all open waters, the microscopist seldom fails to find 
vegetable debris in the shape of dotted ducts, spiral vessels, 
parenchymatous cells, bits of cuticle with the hair still adhering, 
the down of seeds, roots of duckweed, bits of chara, <fec. It 
depends on the amount as to what conclusions are to be drawn ; 
but this is certain, that a water showing these matters is not 
likely to be from a deep spring, but one over which the 
atmosphere more or less freely pj^ays. 

3. bead Animal Matters — (a.) Purely Animal, such as hairs 
from domestic or wild animals, striped muscular tissue, the 
scales of moths, butterflies, or other lepidoptera, eggs of entozoa 
(which, of course, may, for aught we know, be living). 

(6.) Human Debris. — Human hair, human epithelium. 

(c.) Manufactured Matters. — Wool, silk, &c. All animal 
matters, whether derived from insect, human, or domestic 
animal life cannot be considered a favourable indication; and 
even the presence of cotton, silk, hemp, and the like, though 


* The common aniline violet ink answers very well. 
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innocuous in themselves^ yet afford evidence that the water is in 
such a position as to be liable to accidental contamination. 

2. Livirig Ftynns. 

The lower forms of vegetable and animal life spring from a 
common point, so that it is in certain cases impossible to de- 
finitely ascribe life-forms to either kingdom ; nevertheless, it is 
convenient to divide provisionally the microscopic life-forms into 
(a.) vegetabUj (b.) cmirnaL 

(a.) YegetMe . — The most common vegetable forms are confervje, 
oscillatoria, volvocinse, desmids, diatoms, and bacteria. To these 
may be added the green, or sometimes red, cells of palmellsc, and 
the moving reproductive spores of confervoids, charre, &c. All 
of these, except the bacteria, diatoms, and certain spores, are 
distinguished by possessing cells holding “ chlorophyll,” and as 
such, always denote water which is exposed to daylight 
Desmids, beautiful microscopic algse, consisting always 
of two symmetrical cells, are in colour remarkably green; 
one of the most common is a species of closterium (fig. 
50). Desmids have been referred to by Dr. Macdonald as 
rather indicating a good water. It is true that desmids 
occurring by themselves, with no other indication of 
animal and vegetable life, could in no way be pronounced 
injurious. The fact, however, remains that, as a result of 
over ten years’ experience in the almost daily analysis of 
Fig. 50. water, the writer has never found desmids except in 
more or less surface supplies of water abounding with 
impurity. The diatoms, which are composed of a siliceous skeleton 
clothed by a sarcode substance, consist, like the desmids, of two 
exactly similar parts ; they possess no chlorophyll, and 
probably belong to the animal kingdom. Fig. 51 is 
Diatom vulgare, very frequently found, and by itself 
certainly affording notindication of a bad water. In 
fact, diatoms generally are of little importance. 

Bacteria , — This family of late years has excited a 
most extraordinary amount of attention and investiga- 
tion, from the fact that certain forms of bacteria have been found 
the invariable associates of some virulent diseases, as, for example, 
nmlignant pustule. Bacteria are forms of extreme minuteness, 
the earliest appearance being that of points just visible with 
the highest powers of the microscope. Cohn defines them as 
chlorophyll-less cells of globular, oblong, or cylindrical form, 
multiplying exclusively through cell division, and vegetating 
either isolated or in families. Bacteria occur in water, (1.) as 
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clouds, well seen if a dead animal is allowed to putrefy in a salt 
water aquarium; j(2.) as an iridescent film on the surface of 
water; (3.) as a pulverulent precipitate. The precipitate, where 
bacteria are plentiful, may# form quite a layer, looking to the 
naked eye like fine white clay, but consisting of heaped up 
myriads of bacteria. Bacteria possess a motionless and an active 
condition ; the movements are either those of rotation round their 
axis, or a passive bending and unbending of the curved forms. 
They are often in water very difficult to observe, because their 
index of refraction is so like that of water itself. The beautiful 
photographs which Dr. Koch has taken of various bacteria* show 
that they are not bounded by very definite lines, but that the 
dark body gradually blends into a gelatinous border or membrane. 
However difficult it is to observe bacteria when unstained, the 
aniline colours easily make them visible, and then it is at once 
seen how widely disseminated they are. Dr. Kochf recommends 
for photographic purposes a fluid containing bacteria to bo treated 
thus : A drop of the fluid is taken out and placed on a glass slide, 
and covered with the usual thin covering glass. When the drop is 
dry or nearly so, it is remoistened with a solution of acetate of 
potash, 1 : 3, and then, if required, stained by an aniline brown ; 
for mere detection of bacteria the methyl violet before alluded to 
is best, and one or two minutes immersion in a watery solu- 
tion is sufficient. CohnJ divides bacteria thus — 

I. Sph^robacteria {fCugelbiM^terieri), minute jostling spheres. 
The cells are of an oval form, the dark body passes into the 
continuous membrane, and is not to be well separated from it ; 
they occur in short chains or groups of 3, 4, and 8.§ To this 
division belong the ferment-producing {zymogenous) bacteria, as, 
for example, Micrococcus urem, always found wherever there is 
ammoniacal putrefaction. Another group is the Chromogmiousy 
or colour-producing, as the M. prodigiosiiSy or blood-stain on 
bread, M. moluceous, discovered on slices of boiled potatoes, 
and many others. Another i|Qportant subdivision is the 

PatkogenouSf' or disease-producing, e,g,, M, diphthericiy^ M. 
vaccimiuey &c. 

II. Microbacteria (Stdhchmbacterien.) — Minute short rods. 

* “Untersuchungen iiber Bacterien; Verfahren zur Untersuchimg, zum 
Conservircn u. Photographiren der Bacterien, von Br. Koch. Beitrage zur 
Biologic der Pflanzen.” Breslau, 1877. ^ + Op ciL 

X Untersuchui^en iiber Bacterien, von Dr. Ferdinand Cohn. BeitHlge 
znr Biologic der Pncuizen.’’ Breslau, 1872. 

§ Pasteur calls single bacteria ^^monadB^^ when in gelatinous masses 
^^mycoderma,^^ [Cohns “iSooglea.’*] 

I) Oertel : Experimentelle Untersuchungen iiber Diphtherie. JOeutscIie 
Archiv/Ur Kliniache Medizin. Band vii., 1871. 
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This second class is separated from the first hy their physiological 
activity, by their short cylindrical form, and the spontaneous 
movement of the cell. B. termo is par excellence the bacteria of 
putrefaction, and is the little organisi^OL to be found whenever and 
wherever any animal substance decays. The bacteria nearly always 
occur in pairs or dividing ; they consist of very minute, little, 
short, cylindrical masses, either clear and transparent or blackish ; 
there is a rather thick surrounding membrane. B, lineolay 
another member of this family, is larger, and is found in brooks 
and standing water ; the cells are four times longer than broad, 
and have a strong refracting fatty nucleus. 

III. Desmobacteria — Thread or filament-like 

bacteria. The bacteria are in the shape of threads, some of them 
of great length. B, anthrads Cohn puts in this class. 

IV. Spirobacteria {Schraubenbacterien), — Spiral or screw-like 
filaments. This class includes vibrios and various species of 
spirillum. 

The universal presence of bacteria, especially of the more 
common kinds, must render the microscopist cautious about 
conclusions, if he finds a member or so in water. If, however, 
water contains them in sufficient quantity to be a marked or 
unusual feature, such a water should be emphatically condemned. 

(i.) Animal Forms, — Without taking into consideration various 
water insects which can be seen with the naked eye (e.gr., water 
fleas), but confining the attention solely to the microscopic forms of 
life, there is such an inexhaustible variety of the latter that it 
takes a special study to ascribe to each form its particular species; 
fortunately, this to the analyst is not necessary, and it may at 
once be laid down that if the deposit from a reasonable quantity 
of water (for example, a gallon) exhibits forms of infusorial life, 
the water cannot be pure. For although from all natural water, 
if a sufficient bulk be taken, it is possible to extract life-forms, 
yet all good drinking-water is devoid of such when moderate 
quantities are taken for the search. There are, however, certain 
animalcules (types of which are figured) that specially point to 
sewage contamination. This class have been called “saphrophiles.”* 
They include most ciliated forms, such as paramecium, (fig. 52,6), 
glaucoma, as well as vorticella (fig. 52,1), amoeba (fig. 52,8), and 
others. It will not be necessary to use any special colouring- 
agents to see infusoria, for they are quite sufficiently visible 
without any special reagent, M. A. Oertes has, however, found 
out a colouring-matter which concentrates itself in certain parts 
of living infusoria, and may, therefore, be of some utility; this 

* yader the saphrcmhiles beloDg all vegetable fungi, e.p., leptothryx and 
infowria thriving in filth. 
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reagent is quinoleine or cyanine, and it appears cMefly to colour 
the fatty parts of the protoplasm. He considers it a reagent for 
living fat.* 


% 




1. Colony of Vorticella. 2. Oxytrii^ lingua. 3. PeUioneUa. 4. 
Claucoma scintillans. 5. Glaucoma Gibba. 6. Paramsecium anrelia. 7. 
Parameecium caudatum. 8. Amoeba. 9. Chiloden. 

* Comptea EenduSy xcii. 426. ^ 
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B. C^dUwiaiUm of Germa^ Fwagi^ Ac . — If a bottle of water carefully 
corked, and placed at a fermentation-temperature 20* to 24®, 
contain any putrescent matter, the water acquires a disagreeable 
smell, and when examined microscopically swarms with B, termo 
or Other forms of low life. This simple test anyone can make for 
himself, and it is perhaps too much neglected. The best way 
to examine water thus fermented is to place a quantity of it in 
the special tube figured at p. 540; and, after adding a few 
drops of a 1 per cent, solution of osmic acid, to allow it to stand 
for some hours, then collect the sediment in the cap for micro- 
scopical examination, after the addition of methyl violet and 
other staining reagents. The osmic acid kills the life-forms; and 
they gradually sink to the bottom. 

HeUsdCs Suga/r Teat — Another fermentation method now much 
in use among analysts, is simply the addition of sugar to the 
water under examination, when, if the water contains the merest 
trace of sewage, a special fungus develops. The details of the 
test are as follows : — 

A clean stoppered bottle, of any convenient size, is filled witli 
the water, and a few grains of pure white sugar added. The 
bottle is now to be carefully stoppered, and placed at a fermen- 
tation temperature (26® to 27®). The" growth of the fungus is 
rapid ; at first small cells with a bright nucleus appear, changing 
within six hours to moniliform threads, and finally to cells 
mixed with mycelium. To trace the stages of the growth, it 
will be necessary to examine from time to time the liquid by the 
microscope; but the coarser changes may be watched with the 
naked eye : any water decidedly contaminated by sewage becomes 
quite turbid with the fungus in about twelve hours. 

0. Eoqf^manJta on Animcda and Human Beinga . — The biological 
examination of water embraces actual experiment on animals. 
Concentrated alcoholic, ethereal, or aqueous extracts of the water 
residue are injected by a fine syringe subcutaneously into small 
animals. !From this important and direct method much may 
be hoped. A few experiments of the kind have been performed 
on the Continent ; but in England, although foxes may be dug 
out to be eaten alive by hounds, and ratcatchers may poison 
rats by the gross, scientific men are unable, save under practically 
prohibitory restrictions, to advance biological science by the only 
satisikctoiy way, the use as a reagent for obscure poisons of 
life itself. 

Experiments upon human beings are made necessarily daily, 
and on enormous masses of population. It is a kind of evidence 
that is most easily obtained, and nothing is more clearly proved 
than the fact, that a large population may drink a sewage-polluted 
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water with the utmost impunity, under certain conditions. A 
few years ago the author proved that a town in Somersetshire 
had drunk a water-supply from shallow wells which was nothing 
more nor less than dilute s^age ; and yet the death-rates from 
fever, from dysentery, and all other diseases supposed (and 
rightly supposed) to be propagated by water, were remarkably 
low in comparison with places drinking a pure water. Here, 
then, was an experiment ready made on more than a thousand 
persons, and the negative results recorded for the best part 
of a century. It proved that under ordinary conditions the 
water was harmless, and yet what chemist could pass such ? 
The colour, taste, and smell, as well as the organic carbon, 
nitrogen, and microscopical characters, all combined to show 
that the characters of the supply were of great impurity ; on the 
other hand, water of very moderate impurity, as shown by 
ordinary chemical and microscopical investigation, has many 
times been as fatal as a solution of some subtle poison. These, 
as it were, unconscious experiments continuously proceeding in 
towns, in villages, and in solitary homes, demand the closest study; 
and such a study will in years to come make clear the apparent dis- 
crepancy often existing between chemical and biological analysis. 
Possibly the conclusion already shadowed forth is this: — water, 
however polluted by healthy human or animal sewage, nasty and 
abominable liquid as it may be, will produce no disease; water in- 
fected with the excretions from diseased natures will cause disease. 

Since, however, at the present time we cannot differentiate 
between those excrementitious matters which cause disease, 
and those which do not cause disease, it is clearly safest to 
condemn as a supply a liquid wliich has been proved to be 
contaminated by a something, which, for aught we know, contains 
the seed of typhoid fever or of cholera. 

D. Experiments on Fieh . — It is in some instances extremely use- 
ful to study the effects of water upon living fish, especially in 
those cases in which there has been raised the question of 
whether a river or stream is polluted to such an extent as to 
destroy the fish in the stream. In experimenting as to whether 
a given water will support fish, it is essential to select healthy 
hsh, fish suitable for the experiment, and to let the experiment 
go on for as long as possible. The best fish are the gold fish 
and the minnow, one or both. These can in towns be always 
purchased, and there is scarcely any country place in England 
in which minnows are not procurable. Besides, more is known 
as to the action of impurities on these fish, than on any other. 
The substances destructive to fish-life ibay be arranged in regard 
to their power of destruction in four classes : — 
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1. Snlpliate of copper, the mineral acids; the sulphates of 
alum and iron, iodine, bromine, caustic potash or soda; the 
chlorides of tin, the heavy and light pitch oils, saturated solution 
of chloride of lime, and carbolic acid. These all destroy minnow 
life when contained in solution in so small a quantity as from 
1 : 10,000, and some of them from 1 : 100,000. 

2. The next in order of destroying-power are such as garancine, 
madder, sumach, catechu, acetic acid, citric acid, arsenious acid, 
gallic acid. These are all fatal when existing in the proportion 
of from 1 : 7000 of water, to from 1 : 3500. 

3. The least destructive, but yet poisonous, agents are tartaric 
acid, salts of soda and potash, hydrate of lime, ammonia, bisul- 
phide of carbon, sulphide of ammonium, sulphuretted hydrogen, 
foundry cake, furnace cinders, bleaching liquor. 

4. Lastly come substances which are not directly poisonous, 
but induce a lowered vitality of the fish, so that it becomes 
attacked with a fungous growth. 

The author found that a residue from gas-works, consisting of 
phenol and a mixture of hydrocarbons, though in less than 1 part 
per 10,000 of water, yet induced the growth of a fungus in the 
course of a few days on minnows, dace, roach, and rudd. The 
experiment was repeated many times, and always with the same 
result. 

Organic matters, such as blood and urine, must bo in a state of 
decomposition, and in such considerable quantities, that they 
deprive the water of oxygen before the fish are affected. Many 
oils appear to have no injurious effect on fish, as, for example, 
linseed and olive oil. 

Symptoms. — In solutions that are not only poisonous, but also 
irriteting to the surface of the body, the fish make frantic efforts 
to escape, and will often jump out of the water, rising to a con- 
siderable height. In solutions of poisonous substances generally, 
the symptoms to be looked for are : projection of the eyes, the 
frequent rising to the surface to breathe, loss of natural balance, 
disordered movements, loss of agility, especially the allowing of 
little masses of food to pass by unobserved, and, lastly, lying on 
the side at the top of the water. 

§ 321. Interpretation of liesults. — On many samples of water it 
takes some experience to give a really correct judgment, and it 
must ever be borne in mind that it is most unsafe to trust to an 
estimation of one or two constituents only. The report must be 
based upon a valuation of all the determinations, and a careful 
consideration of the general tendency of evidence. Great assist- 
ance will be derived in* this by the aid of a scale by which a 
definite numerical value is assigned to the componexxt parts of an 
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analysis. Such a -scale has been invented by Mr. Wigner, and is 
now in provisional use by analysts. 

§ 322. Valuation of Water according to Mr, Wigner^ 8 Sccde , — ^In 
this scale, every constituent of the water as analysed by the 
Forchammer and ammonia processes has a definite value attached 
to it, and these values added together make the value of the 
water. It has been objected to the use of such a scale, that unless 
the history of the water is known, very erroneous conclusions 
may be drawn, and indeed it may be admitted that the scale is 
of far greater use in reports upon waters like the metropolitan, 
which are analysed from day to day throughout the year, than 
when operating on unknown samples. N evertheless, there has 
always been a want of some definite expression of value, and as 
the scale is confessedly only a provisional one, the present writer 
thinks that it may be used generally with caution and dis- 
crimination. 

The scale is as follows : — 


Appearance in 2-ft. tube. 

Colour, blue, ...... 0 

,, pale yellow, ..... 2 

„ green,. ..... 2 

,, dark yellow, ..... 4 

,, dark green, • . . . . 4 

Suspended matter to be added to valuation of appearance. 

For traces, ...... 1 

,, heavy traces, ..... 2 

,, turbidity, . . . . . . 4 

8mell when heated to 100° F. 

Vegetable matter, ..... 1 

Strong peaty, ...... 2 

Offensive, of animal matter, .... 4 

Chlorine in Chlorides, . . . . . *5 grs. per gal. = 1 

Phosphoric acid as Phosphates. 

Traces, == 2 h. traces == 4 v. h. traces » 8 
Nitrogen in Nitrates, . . . . *100 gr. per gal. = 1 

Ammonia, ..... '006 gr. „ =: 1 

Albuminoid Ammonia, . . ♦ . ’001 gr. ,, =1 

Oxygen absorbed in Id minutes at 80° Fahr., . *002 gr. „ 1 

„ «> 4 hours „ „ . -010 gr. „ = 1 

Hardness before and after boiling added together, • . 5=1 

Total Solid Matter, . . . . 6 grs. per gal. = 1 

Heavy Metals, S. traces = 6 

„ H. „ =12 

MiOTOBCopical results. 

Vegetable dihria in small quantity, . . 4 

• „ „ large „ . . 8 

Diatoms and Bacteria m small quantity, . . 6 

„ „ large „ . . 12 

Hairs, and animal de&ris. Iff to 20, according to the quantity 
observed. 
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The following table gives the chemical results of the several 
monthly analyses of the Grand Junction water by the author, 
with the values according to the scale attached. The microsco- 
pical observations are omitted, becavse they were for the most 
part negative, ond the chemical determinations being more easily 
followed will Serve as a better example. The diagram is a 
graphical representation of the purity of the water according to 
the scale value. It will be admitted that on no other principle 
could the purity of a water be depicted by a single curve 


Jan. Feb. Mar. Apr. May. Jn. Jnly. Anff. Sep. Oct. Nov. Dec, 




TABLE LIV.— GRA]SD JUNCTION WATER, 1881— All Results are Expressed in Grains per Gallon. 
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Appearance in 
Two- foot Tube. 

Pale yellow. 

V ery pale yellow. 

Pale yellow? 

f> 

» 

Verypaleyellow. 
Pale yellow. 

»» 

Pale straw colour. 
Pale yellow. 

Description of 

1 

Januaiy, • . 
February, . . 
March, « . . 

April, , . . 
May,. . . . 
June, .... 
July, .... 
August, . . . 

September, . . 

October, • . . 

November, . . 

December, . . 
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According to Mr. Wigner, a water which only values 16 is an 
extremely pure water. The limit of a first-lass water would 
be about 40^ of a second-class water^ 65; anything beyond 65 
would be a third-class water. ^ * 

The scale at present gives no values for organic carbon or 
organic nitrogen; it will, therefore, be necessary to discuss 
briefly the limits within which organic carbon and organic 
nitrogen fall in good waters. With regard to these elements 
Dr. Frankland is the chemist who is most entitled to speak 
with authority. He considers that some importance should be 
attached, not only to the gross amount of carbon and nitrogen, 
but also to the relative proportion they bear to one another, 
and this especially with regard to surface waters. In deep 
springs the limit of organic carbon should be about *1 in 100,000, 
the amount actually found ranging from *02 to *1 in 100,000 of 
wa^r. In spring water the ratio of C : N varies from 2 : 1 to 
6 : 1, with an average of about 2 : 1. Surface water derived 
from cultivated land, containing 0 : H below the proportion of 
6 : 1, and having more than *3 part of carbon in 100,000, with 
these data supported by other indications, should be condemned 
as unfit for dietetic purposes. In surface water, if carbon is 
to nitrogen as 3 : 1, the organic matter is of animal origin; if it 
be as high as 8 : 1, it is chiefly, if not exclusively, of vegetable 
origin. The content of organic elements in sewage, of course, 
varies according to its state of dilution; but it usually averages 
from four to five parts of carbon per 100,000, and from one to 
two parts of nitrogen per 100,000. Dr. Frankland divides 
waters into two sections, according to the results of a combustion. 

Section I. — Upland Surface Water. 

Class I. — ^Water of great organic purity, containing a portion 
of organic elements (organic carbon and organic nitrogen), not 
exceeding 0*2 part in 100,000 parts of water. 

Class II. — Water of medium purity, containing from 0*2 to 
0*4 part of organic elements in 100,000. 

Class HI. — Water of doubtful purity, containing from 0*4 to 
0-6 part of organic elements in 100,000. 

Class IV. — Impure water, containing more than 0*6 part of 
organic elements in 100,000. 

' • 

SsbrioN IL — Water other than Upland Surface. 

^ Class I. — ^Water of great organic purity, containing a proper, 
tion of organic elements not exceeding 0*1 part in 100,000. 
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Glass II. — ^Water of medium purity, containing from 0*1 to 
0’2 part of organic elements in 100,000. 

Class III. — Water of doubtful purity, containing from 0*2 to 
0*4 part of organic elemeuAs in 100,000. 

Glass IV. — Impure water, containing upwards of 0*4 part of 
organic elements in 100,000. 


APPENDIX TO WATER ANALYSIS. 

Standard Solutions and reagents &c., Alphabetically 

Arranged. 

Parts by Weight : Liqaids by Measure, 

§ 323. Ammonium Chloride, — ^Ammonium chloride, *3146 p^.; 
pure water, 1000 parts ; dissolve. 1 cc. contains 'OOOOl grm. of 
ammonia, or 10 grains contain *0001 grain. 

Calcic Chloride Solution— Ic^hind spar, or other pure form of 
calcic carbonate, *2 part. Hydrochloric acid, q. s. ; water, 1000 
parts. The calcic carbonate is converted into chloride by evapo- 
rating to dryness with pure dilute hydrochloric acid, and the 
calcic chloride thus obtained is dissolved in water. The deter- 
mination of hardness is usually made by English chemists in 
grains per gallon; then the following are the proportions — 
Calcium carbonate 8 grains; fully convert by dilute hydrochloric 
acid, evaporate to dryness, dissolve in water, and make up to 
one-tenth of a gallon ; dilute ten times its volume, and the result 
is water of 8**. 

Copper Sulphate, — Sulphate of copper 30 parts, pure water 
1000 parts; dissolve. 

Ferrous Chloride Solutimi, — solution of pure ferrous sulphate 
is precipitated with sodic hydrate, and washed thoroughly with 
pure water, and then dissolved m the smallest possible quantity 
of pure hydrochloric acid. 

Metorphent/lenediamine, — Meta-phenylenediamine 5 parts, water 
1000 parts, sulphuric acid, q, s. The base is dissolved in the 
water, and then slightly supersaturated with sulphuric acid. 

Meta-phosphoric Add, — Meta-phosphoric acid 100 parts, made 
up to 1000 with distilled water; 10 parts should contain no 
appreciable amount of ammonia. 

Molpbdic Solution, — Molybdic acid, 1 part; solution of ammonia, 
specific gravity *960, 4 parts; nitric acid, 1*20 specific gravity, 
15 parts. The molybdic acid is dissolved in the ammonia, 
filtered, and poured with constant stirring into the nitric add. 
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It should he kept in the dark, and freed by decantation from 
any precipitate which may form. 

Neaaler Solution. — 35 parts of potassium iodide are dissolved 
in 100 parts of water] 17 parts of meijcuric chloride are boiled 
in 300 parts of water, and then cooled. The mercuric solution 
is added to the potassium iodide, little by little, until a permanent 
precipitate is produced. The liquid is now made up to 1000 
parts with a solution of sodic hydrate of 20 per cent, strength. 
Lastly, the reagent is made more sensitive by the final addition 
of a little more of the mercuric chloride solution, until a perma- 
nent precipitate begins to form. The solution is put on one 
side to deposit, and the clear liquid decanted for use. It is 
best to keep that intended for use in a small bottle, while the 
lai'gcr stock is carefully stoppered down. 

Palladium Solution. — Palladium, *1 part is dissolved in nitro- 
hydrochloric acid, and evaporated to dryness at 100®, 50 parts of 
hydrochloric are added, and 2000 of water, ultimately making 
the bulk up to 2,370 ]>arts. 

Potassium Iodide Solution. — (a.) Potassium iodide 1 part in 10 
of water, for use in the oxygen or Forchammer process. 

(b.) Potassium iodide 1, water 100,000, for use in the volu- 
metrical estimation of iodine. 

Potassium Monoc/iromate. — Potassium monochromate 50 parts, 
dissolved in 1000 parts of distilled water. To ensure absence of 
chlorides it is recommended to add a little nitrate of silver until 
a permanent red precipitate forms, which is allowed to settle, and 
the clear solution used. 

Potassium Permanganate. — (a.) Alkaline — Potassium perman- 
ganate 8 parts ; potassium hydrate 200 parts ; distilled water 
1100 parts. The solution is boiled rajiidly down to 1000 parts, 
and kept in properly stoppered bottles. 

(b.) Standard Volumetric Solution for Oxygen Process — *395 part 
of potassic permanganate is dissolved in 1000 of water, ^ch 
cc. contains *0001 gramme of available oxygen, and each one 
grain contains *0001 grain. 

Silver NUratey Standard Solution of. — 4*7887 parts of silver 
nitrate are dissolved in pure water, and made up to 1000 parts. 
The solution may be standardised, if necessary, by the sodium 
chloride solution, 1 cc. = *001 grm. chlorine ; 10 grains = *01 grain 
chlorine. 

Soapf Standard Solution of. — 150 parts of lead plaster are 
triturated in a mortar with 40 parts of di^* potassic carbonate, 
and made into a cream with the addition of absolute alcohol ; 
when dissolved, filter, and by the addition of water reduce the 
alcoholic stren^h to that of proof spirit. The solution of soap 
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is then reduced to the proper strength by proof spirit. If work- 
ing in cc. and grros. it should be of such a strength that 14’26 
cc. are required to form a permanent lather with 50 cc. of the calcic 
chloride solution; if working in grains, then it will be most 
convenient to make it of that strength that it just forms a perma- 
nent lather when 180 grain measures are shaken with 1000 gmn 
measures of the standard calcic solution, equalling water of 8®. 

Sodium Chloride Solution, — 1*648 parts of pure sodium chloride 
are dissolved in water, and the solution made up to 1000 parts. 
Pure sodium chloride can be obtained by passing through a 
saturated solution of commercial sodic chloride hydrochloric acid 
gas; a precipitate of pure sodic chloride falls, which may be 
collected, and dried in the hot air oven at 260" to 300°. Each cc. 
contains *001 grm. chlorine, or each grain contains *001 grain 
chlorine. 

Sodium Hydrate^ Solution for Estimation of Nitrates . — 56 parts of 
metallic sodium are dissolved little by little in 1000 parts ot water. 

Sodic Hyposulphite . — One part of crystallised sodium hypo- 
sulphite in 1000 parts of water. 

Sodic Nitrite Solution . — *406 part of silver nitrite is dissolved 
in a little distilled water, and pure sodic chloride is added until 
no more argentic chloride is thrown down. Dilute with water 
to 1000 parts. Allow to settle. Then of the clear solution take 
100 parts, and dilute to 1000 ; 1 cc. equals *00001 grm. of NgOj ; 
similarly each 10 grains equals *0001 grain. 

Starch Solution . — 1 part of starch is rubbed up with 20 parta 
of boiling water. The liquid is filtered, boiled, and after being 
allowed to stand for twenty-four hours, the clear liquid is 
syphoned off. 

TABLE LV., roR Hardness in Grain Measures (Page 327). 


Degrees of IlardneBB. 
Distilled Water =0. . 




Grain Measures. 
9 

1. 




29 

2. 




54 

3. 


« 


77 

4. 




99 

6 . 




120 

6. 




140 

7. 




. 160 

8. 




. 180 

9. 




. 200 

10. 




. 220 

11. 




240 

12. 




. 260 

13. 




. 280 

14. . 




. 300 

15. 




. 320 

16. 


. 


^ . 340 
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TABLE LVL— Of H^bdksss in Parts prr 100,000— 

60 cc, OF Water Used. 

» 


00 . of 
Soap 
Solntfon 

OoCOs 

per 

100,000. 

cc . of 
Soap 
Solution 

Ca003 

par 

100,000. 

cc . of 
Soap 
Solution 

GaOOs 

per 

100,000. 

cc . of 
Soap 
Solution 

CaOOs 

per 

100,000. 

•7 

•00 

4-6 

5-43 

8-6 

11 05 

12-3 

16-90 

•8 

•16 

•7 

•57 

•6 

•20 

•4 

17-06 

•9 

•32 

•8 

•71 

•7 

•35 

•5 

•22 

1-0 

•48 

•9 

•86 

•8 

•50 

•6 

•38 

•1 

•63 

5-0 

6-00 

-9 

•65 

•7 

•54 

•2 

•79 

•1 

•14 

90 

•80 

•8 

•70 

•3 

•95 

•2 

•29 

•1 

•95 

•9 

•86 

•4 

111 

•3 

•43 

•2 

12*11 

13 0 

1802 

•5 

•27 

•4 

•57 

•3 

•26 

•1 

•17 

*6 

•43 

•5 

•71 

•4 

•41 

•2 

•33 

•7 

•56 

•6 

•86 

•5 

•56 

•3 

•49 

•8 

•69 

•7 

700 

•6 

•71 

•4 

•66 

•9 

•82 

•8 

•14 

•7 

•86 

•5 

•81 

2-0 

*95 

•9 

•29 

•8 

13-01 

•6 

•97 

•1 

2*08 

60 

•43 

•9 

•16 

•7 

19*13 

•2 

•21 

•1 

•57 

10-0 

•31 

•8 

•29 

•3 

•34 

•2 

•71 

•1 

•46 

•9 

•44 

•4 

•47 

•3 

•86 

•2 

•61 

14-0 

•60 

•6 

•60 

•4 

800 

•3 

•76 

•1 

•76 

•0 

•73 

•5 

•14 

•4 

•91 

•2 

•92 

•7 

•86 

•6 

•29 

•5 

14-06 

•3 

20-08 

•8 

•99 

•7 

•43 

•6 

•21 

•4 

•24 

•9 

312 

•8 

•67 

•7 

•37 

•5 

•40 

3-0 

•25 

•9 

•71 

•8 

•52 

•6 

■56 

•1 

•38 

7-0 

•86 

•9 

*68 

•7 

•71 

•2 

•51 

•1 

9-00 

11-0 

•84 

•8 

•87 

•3 

•64 

•2 

•14 

•1 

15 00 

•9 

21-03 

•4 

•77. 

•3 

•29 

•2 

•16 

15-0 

•19 

•5 

•90 

•4 

•43 

•3 

•32 

•1 

•35 

•6 

403 

•5 

•57 

•4 

•48 

•2 

•51 

•7 

•16 

•6 

•71 

• -6 

•63 

•3 

•68 

•8 

•29 

•7 

•86 

•6 

•79 

•4 

•86 

•9 

•43 

•8 

1000 

•7 

•95 

•6 

22-02 

4*0 

*57 

•9 

•16 

•8 

1611 

•6 

•18 

•1 

•71 

80 

•30 

•9 

•27 

•7 

•35 

•2. 

•86 

•1 

•45 

12-0 

•43 

•8 

•62 

•3 

600 

•2 

•60 

•1 

*69 

. -9 

•69 

•4 

•14 

•3 

•76 

•2 

•76 

16*0 

•86 

*6 

•29’ 

•4 

•90 
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TABLE LVIL — Rbduction of Cubic Cxntimbtres op Nitboobn 
^ TO Gkahmes. 


log. 


00012562 
(H-OOOS67 ) 


760 for each tenth of a degree from 0° to 30** C. 


cc. 

00 

01 

0*2 

0*3 

0-4 

0*5 

0*6 

0-7 

0-8 

0*9 

0 

6-21824 

808 

793 

777 

761 

745 

729 

713 

697 

681 

1 

665 

649 

633 

617 

601 

586 

570 

554 

538 

522 

2 

607 

491 

475 

459 

443 

427 

412 

396 

380 

364 

3 

349 

333 

318 

302 

286 

270 

255 

239 

223 

208 

4 

192 

177 

161 

145 

130 

114 

098 

083 

067 

051 

5 

036 

020 

004 

*989 

*973 

*957 

*942 

*926 

*911 

*896 

6 

6*20879 

864 

848 

833 

817 

801 

786 

770 

765 

739 

7 

723 

708 

692 

676 

661 

645 

629 

614 

598 

583 

8 

567 

562 

536 

621 

505 

490 

474 

459 

443 

428 

9 

413 

397 

382 

366 

351 

335 

320 

304 

289 

274 

10 

259 

244 

228 

213 

198 

182 

167 

161 

136 

121 

11 

106 

090 

075 

060 

045 

029 

014 

*999 

*984 

*969 

12 

6 19953 

938 

923 

907 

892 

877 

862 

846 

831 

816 

13 

800 

785 

770 

755 

740 

724 

709 

694 

679 

664 

14 

648 

633 

618 

603 1 

588 

573 

558 

543 

528 

513 

16 

497 

482 

467 

462 ! 

437 

422 

407 

392 

377 

362 

16 

346 

331 

316 

301 ! 

286 

271 i 

256 

241 

226 

211 

17 

196 

181 

166 

151 

136 

121 

106 

091 

076 

061 

18 

046 

031 

016 

001 

*986 

*971 

*956 

*941 

*926 

*911 

19 

6-18897 

882 

867 

852 

837 

822 

807 

792 

777 

762 

20 

748 

733 

718 

703 

688 

673 

659 

644 

629 

614 

21 

600 

585 

670 

565 

640 

526 

511 

496 

481 

466 

22 

452 

437 

422 

408 

393 

378 

363 

349 

334 

319 

23 

305 

290 

275 

261 

246 

231 

216 

202 

187 

172 

24 

168 

143 

128 

114 

099 

084 

070 

055 

041 

026 

25 

012 

*997 

*982 

*908 

*963 

*938 

*924 

*909 

*896 

*880 

26 

6-17866 

851 

837 

822 

808 

793 

779 

764 

760 

735 

27 

721 

706 

692 

677 

663 

648 

634 

619 

605 

590 

28 

676 

561 

647 

632 

518 

503 

489 

476 

460 

446 

29 

432 

417 

403 

388 

374 

360 

345 

331. 

316 

302 
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Addendum to Article Bread,” p. 171. 

In a paper recently communicated to the Society of Public 
Analysts,'*'' the author has shown that by treating flour or bread 
with a 6 per cent, solution of hydrochloric acid, acting in the 
cold, all soluble forms of alumina enter into solution, so that any 
alum present as alum, or any alumina present as phosphate of 
alumina, passes into the hydrochloric acid, and may be thus 
separated from silicates, and estimated by evaporating the acid to 
dryness, &c., as in treating a bread ash. 

Great hopes were entertained that by this means accidental 
alumina in the form of silicates to the flour, and alumina as an 
adulterant might be distinguished; and, indeed, the earlier 
experiments of the author countenanced this view, but it was 
afterwards found that London clay and reddish clays generally 
contained phosphates of iron and alumina, while some second-class 
flour analysed by the author, and from which no trace of alum 
could be discovered by the chloroform process and by the gelatine 
logwood test, yet gave up to hydrochloric acid a considerable 
quantity of phosphate of alumina, the source of which was 
evidently a reddish clay which, by aid of chloroform, was easily 
separated. 

A few words may be added as to the gelatine alum tost : the 
most recent experience of the author tends more and more to 
confirm its delicacy and reliability. An important extension of 
the method consists in dissolving the alumed gelatine in a solu- 
tion of purpurine or logwood, and submitting the solution to 
spectroscopic observation. For present purposes it will be 
necessary to have comparison solutions of alumed gelatine and 
unalumed gelatine, and compare the spectra side by side ; but the 
author is making arrangements for their observation by photo- 
graphy. All recent workers in spectrum analysis Lave shown 
the great superiority of photography in spectroscopic work to 
that of the human eye. Not alone is there a faithful copy and 
permanent record of the spectra, but lines and bands are shown, 
otherwise quite invisible. 

* Improved processes for the detection of alum in flour and bread. By A. 
Wynter Blyth, Analyst^ February, 1882. 
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The Sale op Food and Dbugs Act, 1875. 

An Act to Eepeal the Adulteration op Food Acts, and to 
Make Better Provision for the Sale of Food and Drugs 
IN A Pure State. [38 & 39 Vict., ch. 63.j 


Whereas it is desirable that the Acts now in force relating to the 
adulteration of food should be repealed, and that the law regaraiug the 
sale of food and drugs in a pure and genuine condition should be 
amended : 

Be it therefore enacted by the Queen’s most Excellent Majesty, by 
and with the advice and consent of the Lords Spiritual and Temporal, 
and Commons, in this present Parliament assembled, and by the 
authority of the same, as follows : 

1. From the commencement of this Act the statutes of the twenty* Repeal of 23 
third and twent3r-fourth of Victoria, chapter eighty-four, of 

thirty-first and thmy-second of Victoria,^ chapter one hundred and y : ® ^ 
twenty-one, section twenty-four, of the thirty-third and thirty-fourth g 24^ 33’* 34 
of Victoria, chapter twenty-six, section three, and of the thiity-fifth Viot. a 26 
and thirty-sixth of Victoria, chapter seventy-four, shall be repealed, & 36 & 86 
except in regard to any appointment made under them and not then 
determined, and in regard to any offence committed against them 
or any prosecution or other act commenced and not concluded or 
completed, and any payment of money then due in respect of any 
provision thereof. 

2. The term “ food ” shall include every article used for food or Definitions, 
drink by man, other than drugs or water : 

The term drug” shall include medicine for internal or external 
use : 

The term “county” shall include every county, riding, and 
division, as well as every county of a dty or town not l^ing a 
borough : 

The term “justices” shall include any police or stipendiai^ 
magistrate invested with the powers of a justice of the peace in 
England, and any divisioiial justices in Ireland. 

Descriptum of Offences^ 

3. JSTo person shall mix, colour, stain, or powder, or order or ^r- Mlxii^, 
xnit any other person to mix, colour, stain, or powder, any arucle coloc^g, 
of food with any ingredient or material so as to render the article 
injurious to hemth, with intent that the same may be sold in that health. 
state, and no person shall sell any such article so mixed, coloured, 
stained, or powdered, under a penalty in each case not exceeding 

fifty pounds for the tot offence ; every offence, after a conviction for 
a fi]^ offence, shall be a misdemeanor, for which the person, on con- 
viction, shall be imprisoned for a period not exceeding six months 
with hard labour. 
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Nod™ to 4. No person shall, except for the purx) 08 e o£ compounding aa 
hereinafter described, mix, colour, stain, or powder, or order or per* 
Sure Ite other person to mix, colour, stain, or powder, any drug with 

quality. ingredient or material so as to affect injuriously the quality or 

potency of such drug, with intent that the same may be sold in that 
state, and no |^rson shall sell an^ such drug so mixed, colored, 
stained, or powdered, under the same penalty in each case respectively 
as in the preceding section for a first and subsequent offence. 

Gttilty 5. Provided that no person shall be liable to be convicted under 

either of the two last foregoing sections of this Act in respect of the 
of of food or of any drug, if he shows to the sa^ac- 

the offence, tion of the justice or court before whom he is charged that he did not 
know of the article of food or dnii' sold by him being so mixed, 
coloiired, stained, or powdered, as in either of those sections mentioned, 
and tiiat be could not with reasonable diligence have obtained that 
knowledge. 

No person to 6. No x>crson shall sell to the xirejndice of the purchaser any article 

sell foods or of food or any drug which is not of the nature, substance, and quality 
Jo article demanded by such purchaser, under a penalty not 

o^oeeding twenty pounds ; provided that an offence shall not be 
^ * deemed to be committed under this section in the following cases ; 

that is to say, 

Exceptions. (1.) Where any matter or in^edient not injurious to health has 
neen added to the food or dkig because the same is required for 
the production or preparation thereof as an article of commerce, 
in a state fit for carriage or consumption, and not fraudulently 
to increase the bulk, weight, or measure of the food or drug, or 
conceal the inferior quality thereof : 

(2.) Where the drugorfooa is a proprietary medicine, or is the 
subject of a patent in force, and is supplied in the state reciuired 
by the specification of the patent : 

(3.)*Wher0 the food or drug is compounded as in this Act men- 
tioned ; 

(4.) Where the food or drug is unavoidably mixed with some 
extraneous matter in the process of collection or preparation. 


Gomi>oiiud 
foods or 
drags must 
be in accord- 
ance with 
the demands 
of purchase. 

A legible 

descriptlYe 

notice 

exonerates 

seller. 


7. No person shall sell any compound article of food or compounded 
drug which is not composed of mgredieuts in accordance with the 
demand of the piurchasor, under a penalty not exceeding twenty 
I>oundB. 

8. Provided that no person shall be gi^ty of any such offence as 
aforesaid in respect of the sale of an article of food or a drug mixed 
with any matter or ingredient not injurious to health, and not 
intended fraudulently to increase its bulk, weigh^ or measure, or 
conceal its inferior quality, if at the time of delivering such article or 


drug he shall supply to the person receiving the same a notice, by a 
label distinctly andlegiblySvritten or printed on or with the article 


Abstraction 
. of oon- 
Btitnents of 
food. 


or drug, to the effect that the same is mixed. 

9. No person shali, with the intent that the same may be sold in 
its fJtered state without notice, abstract from on article of food any 
part of it so as to affect injuriously its qualit}^ substance, or nature, 
and no x>erson shall sell any article so alter^ without making dis- 
closure of the edteration, under a penalty in each case not exceeding 
twenty pounds. 


AppoirUmeni and Duties of Analysts, and Proceedings to obtain 
i\e appowlm^ of Analysijs^ 

10. In the city of London and the liberties thereof the Commis- 
D7 sioners of Sewers of the City of London and the liberries thereof, and 
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in all other parts of the metn^lis, the vestries and district boards analy^ 
acting in execution of the Act for the better local management of the 
metropolis, the court of quarter sessions of every county, and the ^IpoinM in 
town council of every burgh having a separate court of quarter 
sessions, or having under any gei^eral or lo<^ Act of Parliament or 
otherwise a separate police est^lishment, may, as soon as convenient 
after the papdng of tliis Act, where no appointment has been hitherto 
made, and in all cases as and when vacancies in the ofiice occur, or 
when required so to do by the Local Grovemment Board, shall for 
their respective city, districts, counties, or boroughs, appoint one or 
more j>ersons possessing com^tent knowledge, skill, and exx)erience, 
as analysts of all articles of food and drugs sold within the said city, 
metropolitan districts, coimtiea, or boroughs, and shall pay to such 
analysts such remuneration as shall be mutually agreed upon, and 
may remove him or them as they shall deem proper; but such 
appointments and removals shall at all times be subject to the 
approval of the Local Government Boar^ who may require satis- 
factory proof of competency to be supplied to them, and may mve 
their approval absolutely or with modifications as to the period of 
the appointment and removal, or othenvisc; Provided, that no 
]>erson shall hereafter be apjKiinted an analyst for any place under 
this section who shall be engaged directly or indirectly in any trade 
or business connected with the sale of food or drugs in such pl^. 

In Scotland the like i>owers shall be conferred and the like duties Appoint- 
shall be imposed upon the commissioners of supply at their ordinary ments in 
meetings for counties, and the commissioners or lK>ards of police, or ScoUana. 
where there are no such commissioners or boards, upon the town 
councils for burghs within their several jurisdictions : provided 
that one of Her Majesty’s Principal Secretaries of State in Scotland 
shall be substituted for the Local Government Board of England. 

In Ireland the like powers and duties shall be conferred and In Ireland, 
imposed respectively upon the grand jury of eve^ county and town 
council of every borough ; provided that the Local Government 
Board of IreUmd shall be substituted for the Local Gktvemment 
Bom^ of England. 

11. The town council of any borough may agree that the analyst Town 

apx>omted by any neighbouring borough or for the county in which the Councils 
borough is situated, shall act for their borough during such time as the “W 
said council shall think proper, and sliall make due provision for the of 
payment of his remuneration, and if such analyst imall consent, he bonri^ 
shall during such time be the analyst for such borough for the pur- county or 
XX>ses of the Act. borougli. 

12. Any purchaser of any article of food or of a drug in any place Any 

being a district, county, city, or borough where there is any analyst purchaser of 
appointed under this or any Act hereby repealed shall be entitled, on ?** 
I>ayment to such analyst of a sum not e2£^eeding ten shillings and 
sixpence, or if there be no such ansdyst then acting for such place, to payment of a 
the analyst of another place, of such sum as may be agreed upon oetween to have 

such person and the analyst, to have such article analysed by such analysis 
analyst, and to receive from him a certificate of the result of his 
analysis. 

13. Any medical officer of health, imipector of nuisances, or inspec- Medical 

tor of weights and measures, or any inspector of a market, or any officers of 
jiolice constable under the direction and at the cost of the local | 
authority appointing such officer, inspector, or constable, or charged SadoertaSi 
with the execution of this Act, may procure any sample of food or other 
drugs, and if he suspect the same to have been sold to him contrary offlcials may 
to any provision of this Act, shall submit <he same to be analysed by f 

the aniuyst of the district or place for which he acts, cr if there be 

no such analyst then acting for such place to the analyst of another ^ 
place, and such analyst shaUi upon receiving payment as is provided in 

37 
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the last section, with all convenient speed analyse the same and g^ive 
a certificate to such officer, wherein he shall specify the result of the 
analysis. 

14. The person purchasii^ any article with the intention of sub- 
mitting the same to analysis 8hcffi,^after the purchase shall have been 
complete , forthwith notify to the seller or his agent seUing the 
article his intention to have the same analysed by the public analyst, 
and shall offer to divide the article into three parts to be then and 
there separated, and each part to be marked and sealed or fastened 
up in such manner as its nature will permit, and shall, if required to 
do so, proceed accordingly, and shall deliver one of the x)arts to the 
seller or his agent. 

He shall afterwards retain one of the said parts for future com* 
panson, and submit the third part, if lie deems it right to have the 
article analysed, to the analyst. 

15. If the seller or his agent do not accept the offer of the purchaser 
to divide the article purchased in his presence, the analyst receiving 
the article for analysis shall divide the same into two parts, and shall 
seal or fasten up one of those parts and shall cause it to be delivered, 
either upon receipt of the sample or when he supplies his certificate 
to the purchaser, who shall retain the same for production in case 
proceedings shall afterwards be taken in the matter. 

16. If the analyst do not reside within two miles of the residence 
of the person requiring the article to be analysed, such article may 
be forwarded to the analyst through the x>ost office as a registered 
letter, subject to any regulations which the Postmaster>General may 
make in reference to the carrying and delivery of such article, and 
the charge for the postage of such article shall be deemed one of the 
charges of this Act or of the prosecution, as the case may be. 

17. If any such officer, insx>ector, or constable, as above described, 
shall apply to purchase any article of food or any drug est^sed to 
side, or on sale by retail on any premises or in any shop or stores, and 
shall tender the price for the quantity which he shall reouire for the 
purpose of analysis, not being more t]^n shall be reasonably requisite, 
and the person exposing the same for sale shall refuse to sell the same 
to such officer, inspector, or constable, such person shall be liable to a 
penally not exceeding ten x>ounds. 

18. The certificate of the mialyBis shidl be in the form set forth in 
the schedule hereto, or the like effect. 

19. Every analyrt appointed under any Act hereby rex^ed or 
this Act shall report quarterly to the authority appointing him the 
number of articles anmysed by him under this Act during the fore- 
going quarter, and shall specuy the result of each analysis and the 
sum pmd to mm in respect thereof, and such repnort shall be presented 
at the next meeting of the authority appointing such anmyst, and 
every such authority shall annually transmit to the Local Groyem- 
ment Board, at such time and in suen form as,, the Board shall direct, 

r a certified copy of such quarterly report 

Proceedings' Qgix>in9t Offenders, 

Proceedings 90. When the analyst having analysed any article shall have given 
afterreoeipt his certificate of the result, from which it may appear that an offence 
of oertmeate. i^ainBt some one of the provisions of this Act has been committed, 
the person causing the analysis to be made may take proceedings 
for the recovei^ of the penalty herein imposed, for such offence, 
before any justices in petty sessions assembled having jurisdiction in 
the place where the article ae drug sold was actually delivered to the 
pui^aser,' in a summary manner. 

Beeovoiy of Every ^nalty imposed by this Act shall be recovered in England 
penalties, in the manner preBoribed by the eleventh and twelfth of Victoria, 


The person 
pnrchasl]^ 
must notify 
his intention 
of having the 
article 
analysed by 
the publJo 
analyst, and 
divide it into 
three parts. 


The seller 
not accept- 
ing, the 
analyst 
divides it 
into two 
parts. 

Articles may 
be forward- 
ed throngh 
the post 


Penalty for 
refusing to 
sell 


Certificate. 

Analysts 
must report 
quarterly. 
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cliapter forty-three. In Ireland such penalties and proceedings shall 
be recoverable, and may be taken with respect to tne police district 
of Dublin metropolis, subject and according to the provisions of any 
Act regulating the iwwera and duties of justices of the peace for such 
district, or of the police of such district ; and with respect to other 
I)arts of Ireland, before a justice or justices of the peace sitting in 
petty sessions, subject and according to the provisions of “ The 
jPetty Sessions (Ireland) Act, 1851,” and any Act amending the same. 

' Every penalty herein imposed may be reduced or mitigated accord- 
ing to the judgment of the justices. 

21. At the hearing of the information in such proceeding the pro- Production 

duction of the certificate of the analyst shall be sufticieut evidence of of certificate 
the facts therein stated, unless the defendant shall require that the ovidenoe, 
analyst shall be called as a witness, and the T>arts of the articles SJiBtStond 
retained by the person who purchased the article shall be i)roduced, ir required, 
and the defendant may, if he think fit, tender himself and his wife The defeud- 
to be examined on his behalf, and he or she shall, if ho so desire, be 
examined accordingly. “ 

22. The justices before whom any complaint may be made, or the be examined 


w r WJ ClUIIltSrDl 

who shall thereupon direct the chemical officers of their department House, 
at Somerset House to make the analysis, and give a certificate to such 
justices of the result of the analysis ; and the expense of such analysis 
shall be paid by the complainant or the defendant as the justices may 
by order direct. 

23. Any person who has been convicted of any offence punishable Appeal to 
by any Act hereby repealed or by this Act by any justices may 
ap^al in England to the next generu or quarter sessions of the peace 
which shall be held for the city, county, town, or place wherein such 
conviction shall have been made, provided that such person enter into 
a recognisance within three days next after such conviction, with two 
sufficient sureties, conditioned to try such appeal, and to be forth- 
coming to abide the judgment and determination of the court at such 
genersd or nuarter sessions, and to pay such costs as shall be by such 
court awarded ; and the justices before whom such conviction shall 
be had are hereby empowered and required to take such recognisance ; 
and the court at such general or quarter sessions are hereby required 
to hear and determine the matter of such appeal, and may award 
such costa to the party appealing or appealed against as they or he 
shall think proper. 

In Ireland any person who has been convicted of any offence Appeals in 
punishable by this Act may apjieal to the next court of quarter Irewnd. 
sessions to be held in the same division of the county where the con- 
viction shall be made by any justice or jsistices in any x>etty serious 
district, or to the recorder at his next sessions where the conviction 
shaH be made by the diviedonid justicesin the police district of Dublin 
metropo]^ or to the recorder of any corporate or borough town when 
the conviction shall be made by any justice or justices in such cor- 
porate or borough town (unless when any such sessions shall com- 
mence within ten days from the date of any such conviction, in which 
case, if the api^Uant sees fit, the appeal may be made to the next 
succeeding sessions to be held for suen division or town), and it shall 
be lawfulfor sneh court of quarter se&udons or recorder (as the case 
may be) to decide such appeal, if made in such form and manner and 
with such notices as are required by the 8«dd Petty Sessions Aots re- 
spectively hereinbefore mentioned as to appe^ against orders made ^y 
iusticeB at petty sessions, and all the provisionB of the said Petty 
Sessions Aots respectively as to making appeals and as to executing 
the orders made on appeal or the original orders where the appeids 
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shall not be duly prosecuted, shall also apply to any appeal made 
under this Act. 

24. In any prosecution under this Act, where the fact of an article 
having been sold in a mixed state has been prov^ if the defend^t 
shall desire to rely upon any exce^tjpn or provision contained in this 
Act, it shall be incumbent upon him to prove the swe. 

26 . If the defendant in any prosecution under this Act prove to the 
satisfaction of the justices or (K>urt that he had purchased the article 
in question as the same in nature, substance, and cj^uality as that 
demanded of him by the prosecutor, and with a written warranty 
to that effect, that he had no reason to believe at the time when he 
sold it that the article was otherwise, and that he sold it in the same 
state as when he purchased it, he shall be discharged from the pro- 
secution, but shall be liable to pay the costs incurred by the prose- 
cutor, unless he shall have given due notice to him that he will rely 
on the above defence. 


Penalties iu Every penalty imposed and recovered under this Act shall be 

England to jiaid in the case of a prosecution by any officer, inspector, or con- 
fnthoritv stable, of the authority who shafl have appointed an analyst or 

and be ^ ^eed to the acting of an analyst within their district, to such officer, 

applied to inspector, or constable, and shall be by him paid to the authority for 
expenseH of whom he acts, and be applied towards the expenses of executing this 
Act, any Statute to the contrary notwithstanding ; but in the case 
other prosecution the same shall be paid and applied in 
directed by England according to the law regulating the application of penalties 
Fines Act. ^ for offences punishable in a summary manner, and in Ireland in the 
manner directed by the Fines Act, Ireland, 1851, and the Acts 
amending the same. 

For«d 27. Any person who shall forge, or shall utter, knowing it to be 

ccrtiactttes. forged for tne purposes of this Act, any certificate or any writing 
purporting to contain a warranty, shall be guilty of a misdemeanor 
and be punishable on conviction by imprisonment for a term of not 
exceeding two years with hard labour ; 

Every person who shall wilfulljr apply to an article of food, or a 
drug, in any proceedings under this Act, a certificate or warranty 
given in relation to any other article or drug, shall be guilty of an 
offence under this Act, and be liable to a penalty not exceeding 
twenty pounds ; 

Every person who shall give a false warranty in writing to any 
purchaser in respect of an article of food or a drug sold by him as 
principal or agent, shall be guilty of an offence under this Act, and 
be liable to a penalty not exceeding twenty pounds ; 

False labels. . And every person who shall wilfully give a label with any article 
sold by him which shall falsely describe the article sold, shall be 
guilty of an offence under this Act, and be liable to a penalty not 
exceeding twenty pounds. 

indictment 28. Nothing in tnis Act contidned shall affe^ the power of pro- 
ceeding by indictment, or take away any other remedy against any • 
offender under this Act, or in any way interfere with contracts imd 
bfu^gainB between individuals, and the rights and remedies belonging 
thereto. 


Breach oi' Provided that in any action brought by any person for a breach of 
contract. contract on the sale of any article of food or of any drug, such 
person may recover alone or in addition to any other damages re* 
coverable by him the amount of any penalty in whidi he may have 
been convicted under this Act, together with the costs paid by him 
upon such conviction and those meurred by him in and about his 
defence theireto, if he prove that the article or drug the subject of 
such conviction was sold to him as and for an artide or drug of the 
same nature, substance, and quality as that which was demanded of 
him, and that he purcha.sed it not knowing it to be otherwise, and 
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afterwards sold it in the same state in which he purchased it ; the 
defendant in such action being nevertheless at liberty to prove that 
the conviction was wron^ul, or that the amount of costs awarded or 
claimed was unreasonabfe. 


* JExpenses of Executing Vie AcU 

29. The expenses of executing this Act shall l)e borne, in the city Expenses in 
of London and the liberties thereof, by the consolidated rates raised England, 
bv the Commissioners of Sewers of the city of London and the 
liberties thereof, and in the rest of the metropolis by any rates or 
funds applicable to the pu^x)ses of the Act for the better local 
management of the metropolis, and otherwise as regards England, in 
counties by the county rate, and in boroughs by the borough fund or 
rate ; 

And as regards Ireland, in counties by the grand .jury cess, and in In Ireland, 
boroughs by the borough fund or rate ; all such exiienses payable in 
any county out of grand jury cess sh^ be paid by the treasurer of 
such county ; and 

The grand jiuy of any such county fdiall, at any assizes at which 
it is proved that any such expenses have been incurred or paid with- 
out previous application to presentment sessions, present to be 
raised off and paid by such county the moneys required to defray the 
same. 


Special Provision as to Tea. 

30. From and after the first da^ bf January one thousand eight Special pro - 
hundred and seventy-six aU tea imported as merchandise into and vwioiw as to 
landed at any port in Great Britain or Ireland shall be subject to 
examination by persons to be appointed by the Commissioners of 
Customs, subject to the approval of the Treasury, for the inspection 

and analysis thereof, for wnich purpose samples may, when deemed 
necessary by such inspectors, be taken, and with all convenient siieed 
be examined by the analysts to be so appointed ; and if u|K)n such 
analysis the same shall be found to be mixed with other substances 
or ex^usted tea, the same shall not be delivered unless with the 
sanction of the said commissioners, and on such terms and conditions 
as they shall see fit to direct, either for home consumption or for use 
as ships* stores or for exportation ; but if ^ on such inspection and 
analysis it shall appear that such tea is in the opinion of the analyst 
unfit for human food, the same shall be forfmted and destroyed or 
otherwise disposed of in such manner as the said commissioners may 
direct. 

31. Tea to which the term “ exhaust^ ” is applied in this Act 
shall mean and include any tea which has been depnved of its proper 
quality, strength, or virtue by steeping, infusion, decoction, or other 
means. 

32. For the purposes of this Act every liberty of a cinque port not Oinquo 
compris|^ within the jurisdiction of a borough shall be part of the ports, 
county in which it is situated, and subject to the jurisdiction of the 
justices of such county. 

33. In the application of this Act to Scotland the following provi- Special ap- 

sions shall have effect : ^ucations to 

I 

1. The term “ misdemeanor ” shall mean ** a crime or offence 
% The term ** defendant” shall mean “defender,*’ and include 
“ respondent 

3. The term “ information ” shall include “ complaint ;** 

4. This Act shidl be read and construed as if for the term 
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justices,” wherever it occurs therein, the term sheriff ” were 
suDstituted : 

5. The term “ sheriff” shall include sheriff -substitute 
(S. The term ** borough” shall mean any royal burgh and any burgh. 

returning or contributing to retuvn a member to ParUament : 

7. The expenses of executing this Act shall be borne in Scotland, 
in counties, by the*county general assessment, and in burghs, by 
the police assessment : 

This Act sliall be read ^d construed as if for the expression “ the 
liocal Government Board,” wherever it occurs therein, the 
expression “ one of Her Majesty’s Principal Secretaries of 
State ’* were substituted : 

9. All penalties provided by this Act to be recovered in a summary 
manner shall oe recover^ before the sheriff of the county in the 
sheriff court, or at the option of the person seeking to recover 
the same in the police court, in any place where a sheriff ofBciates 
as a police magistrate under the provisions of The Summary 
Procedure Act, 1864,” or of the Police Act in force for the time 
in any place in which a sheriff officiates as aforesaid, and all the 
jurisdiction, powers, and authorities necessary for this purposes 
arc hereby conferred on sheriffs : 

Every such penalty may be recovered at the instance of the 
procurator-fiscal of the jurisdiction, or of the persem who caused 
the analyses to be made from which it appeared that an offence 
had been committed against some one of the provisions of this Act. 

Every penalty imposed and recovered under this Act shall lie 
paid to the clerk of court, and by liim shall be accounted for and 
paid to the treasurer of the county general assessment, or the 
police assessment of the burgh, as the sheriff shall direct. 

10, Every penalty imposed by this Act may be reduced or mitigated 
according to the judgment of the sheriff : 

11, It shall be competent to any person ^grieved by any conviction 
by a sheriff in any summary proceeding under this Act to appeal 
against the same to the next circuit court^ or where there are no 
circuit courts to the High Court of Justiciary at Edinburgh, in 
the manner prescribed by such of the nrovisions of the Act of 
the twentieth year of the reign of King George the Second, 
chapter forty-three, and any Acts amending the same, as relate 
to appeals in matters criminal, and by and under the limi- 
tations, conditions, and restrictions contained in the said pro- 
visions. 

Special ap> 34. In the application of this Act to Ireland, — 

The term “borough” shall mean any borough subject to the 
Act of the session of the third and fourtli 
Her 
“An' 

Ireland.” 

The term “county” shall include a county of a city and a 
county of a town not being a borough. 

The term “ assizes ” shall, with respect to the county of Dublin, 
mean “ presenting term.” 

The term “ treasurer of the county” shall include any person 
or persons or bank in any county periorming duties analogous to 
those of the treasurer of the county in counties, and, with respect 
to the county of Dublin, it shall mean the finance committee : 

The term “police constable” shall mean, with respect to the 
police district of Dublin metrox>oli8,' constable of the Dublin 
Metropolitan Police, and with respect to any other part of 
Ireland, constable of the Boyal Irish Constabulaxv : 

A * -A®* commence on the first day of October one 

meat of Act thousand eight hundred and seventy-five. 


pficaUons to 
Ireland. 

Defiidtiona 
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Commence- 
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;J6. This Act may be cited as ‘'The Sale of Food and Drugs Act, Title. 

1875.” 


% 

SCHEDULE. Schedule. 


Fobm op Certificate. 

To* 

I, the undersigned, public analyst for the , Certificate, 

do hereby certify that I received on the day of , 18 , 

fromf , a sample of for analysis 

(which then weighed^ ), and have analysed the same, and 

declare the result of my analysis to be as follows : — 

1 am of oi>iiiion that the same is a sample of genuine 

or, 

T am of opinion that the said sample contained the parts as under, 
or the percentages of foreign ingredients as under. 


Observations^^ 


As witness my hand this 


day of 

A. B. 

e 

^ at 


* Here insert the name of the person submitting the article for analysis. 

t Here insert the name of the person delivering the sample. 

X When the article cannot be conveniently weighed, this passage may be 
erased, or the blank may be left unfilled. 

$ Here the analyst may Insert at bis discretion his opinion as to whether the 
mixture (if any) was for the purpose of rendering the article portable or 
palatable, or or preserving Si, or of improving the appearance, or was una- 
voidable, and may state whether in excess of what is ordinary, or otherwise, 
and whether the ingredients or materials mixed are or are not injurious to 
health. 

In the case of a certificate rmrding milk, batter, or any article liable to 
decomposition, the anidyst shall snscially report whether any change had 
taken place hi the constitation of the arucle that would interfere with the 
analysuu 
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Sale of Food and Drugs Act ABnsNDMENT Act, 1879, f42 A 43 
Viet c. 30,] 

Whereas conflicting decisions have been given in England and in 
Scotland in regard to the meaning and effect of section six of the 
88&39 VioL Sale of Food and Drugs Act, 1875^ in this Act referred to as the 
principal Act. and it is expedient, in this respect and otherwise, to 
amend the said Act : Be it enacted by the Queen’s most Excellent 
Majesty, by and with tlie advice and consent of the Lords Spiritual 
and Temporal, and Commons, in this present Parliament assembled, 
and 1^ the authoritv of the same, as follows : 

Short title. 1. Ibis Act may be cited for all purposes as the Sale of Food and 
Drugs Act Amendment Act, 1879. 

In sale of 2. In anv prosecution under the provisions of the principal Act for 
adulterated selling to the prejudice of the purchaser any article of food or any 
drug which is not of the nature, substance, and quality of the article 
alleS^* ^ demanded by such purchaser, it shall be no defence to any such 
pu^ase prosecution to allege that the purchaser, having boi^ht only for 
for analysis, analysis, was not prejudiced by such sale. Neither shall it be a good 
defence to prove that the article of food or drug in question, though 
defective in nature or in substance or in quality, was not defective in 
all three respects. 

Officer, ^ 3. Any mediciJ officer of health, insp^tor of nuisances, or 
*®*P^^* inspector of weights and measures, or any inspector of a market, 
^JSSSain a police constable under the direction and at the cost of the 

sample of local authority appointing such officer, inspector, or constable, or 
milk at the chided with the execution of this Act, may procure at the place of 
plwe of delivery any sample of any milk in course of delivery to the pur- 
chaser or consignee in pursuance of any contract for the sale to 
analyst. purchaser or consignee of such milk ; and such officer, inspector, 

or constable, if he suspect the same to have been sold contrary to 
any of the provisions of the principal Act, shall submit the same to 
be anal 3 r 8 ea, and the same shall be analysed, and proceedings shall 
Penaltv for ^ taken, and penalties on conviction be enforced m like manner in 
renSafto all respects as if such officer, inspector, or constable had purchased 
give milk for the same from the seller or consignor under section thirteen of the 
analysis. priucmal Act. 

Extension of seller or consignor or any person or pjersons entrusted by 

Act as to him for the time being with the charge of such milk, if he shall refuse 
sale in to allow such officer, inspector, or constable to take the quantity 
streets, &c. which such officer, inspector^ or constable shall require for the 
Beduction purpose of analysis, shall be hable to a penalty not exceeding ten 
allowed to pounds. 

^e extent of 6. Any street or open place of public resort shall be held to come 
wdlrw?of ■"dthin the meaning of section seventeen of the principal Act. 
for brandy ^ determining whether an offence has been committed under 
whii4^, or flection six of the said Act bjf selling, to the prejudice of the pur- 
and 86 chaser, spirits not adulterated otherwise than by the admixture of 
dgrrees for water, it shall be a good defence to prove that such admixture has 
* * not reduced the spirit more than twentv-five degrees under proof for 

Extension of brandv, whisky, or rum, or thirty-five degrees under proof for gin. 

li^rty having a separate court of quarter sessions, except 
a liberty of a cinque port, shall be deemed to be a county within the 
meaning of the said Act. 

hmntfhd town council of any borough having a separate court of 

quarter sesrions shall be exempt from contributing towards the 
contribute expenses incurred in the execution of the principal Act in respect of 
to county the county within which such borough is situate, and the treasurer of 
*uuyBt the county shall exclude the expenses so incurred from the account 
W. 4. required oy section one hundx^ and seventeen of the Municipal 
c. 76. Corporation Act, 1835, to be sent by him to such town council. 
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9. The town oouncQ of anv borough having under any graeral or 

l()cal Act of Parliament, or otherwise, a separate police establishment, rorborougiits 
and being liable to be assessed to the county rate of the county separate 
within which the borough is situate, shall be paid by the justices poU^. 
of such county the proportionate amount contributed towards the 
expenses incurred by the counliy in the execution of the principal 
Act by the several parishes and iiarts of parishes within such borough 
ill respect of the rateable value of the property assessable therein, 
as ascertained by the valuation lists for tne time being in force. 

10. In all prosecutions under the principal Act, and nolhvithstand- pro^ 

ing the provisions of section twenty of the said Act, the summons to 

appear before the magistrates shall be served upon the person charged ceedinga 
with violating the provisions of the said Act within a 1 ‘easonable 
time, and in the case of a perishable article not exceeding twenty- 
eight days from the time of the purchase from such person for test 
purposes of the food or drug, for the sale of which in contravention 
to the terms of the principal Act the seller is rendered liable to prose- 
cution, and particulars of the offence or offences against the said Act 
of which the seller is accused, and also the name of the prosecutor, 
shall be stated on the summons, and the summons shall not be made 
returnable in a less time than seven da 3 's from the day it is serveil 
upon the person summoned. 


New York Adulteration Act, 1881. 

An Act to Prevent the Adulteration of Food or Drugs, 1881, 

The People of the State of New Yorlc^ represented in Senate and 
Assembly^ do enact as follows : — 

Section 1. — No person shall, within this State, manufacture, have, 
offer for sale, or sell any article of food or drugs which is adulterated 
within the meaning of this Act, and any person violating this pro- 
vision shall be deemed guilty of a misdemeanor, and upon conviction 
thereof, shall be punished by fine not exceeding fifty dollars for tlie 
first offence, and not exceeding one hundred dollam for each sub- 
sequent offence. 

Section 2. — The term “food,” as used in this Act, shall include 
every article used for food or drink by man. The term “ drug,” as 
used in this Act, shall include all medicines for internal and external 
use. 

Section 3 , — An article shall be deemed to be adulterated within 
the meaning of this Act. * 

(a.)~In the case of drugs — 

1. If, when sold under or by a name recognised in the United 
States Pharmacopoeia, it differs from the standard of strength, 
quali^, or purity laid down therein. 

2. If, when sold under or by a name not recognised in the United 
States Pharmacopoeia, but which is found in some other Pharma- 
copoeia or other standard work on Materia Medica, it differs materi- 
ally from the standard of strength, quality, or purity laid down 
in such work. 

3. If its strength or purity fall below the professed standard under 
which it is sold. 

(6.) In the case of food or drink — 

1. If any substance or substances has or have been mixed with it 
so as to reduce or lower or injuriously affect its quidity or strength. 



670 * 


foods: THEIB COMPOSITION AND ANALYSIS^ 


2. If any inferior or cheaper substance or substances have been 
substitutea wholly or in part for the article. 

3. If any valuable constituent of the article has been wholly or in 
part abstracted. 

4. If it be an imitation of, or be sold under the name of, another 

article. • 

5. If it consists wholly or in part of a diseased or decomposed, or 
putiid or rotten, animal or vegetable substance, whether manufactured 
or not, or, in tlio case of milk, if it is the produce of a diseased animaL 

6 . If it fee coloured, or coated, or polished, or powdere^ whereby 
damage is concealed, or it is made to apj)ear better than it really is, 
or of fceater value. 

7. If it contain any added poisonous ingredient, or any ingredient 
which may render such an* article injurious to the health of a person 
consuming it. ProAdded, that the IState board of health may, with 
^e approval of the governor, from time to time declare certain 
articles or preparations to be exempt from the provisions of this Act: 
And provided further, that the provisions of this Act shall not applv 
to mixtures or comj>ounds recognised as ordinary articles of food, 
provided that the same are not injurious to healtli and that the 
articles are distinctly labelled as a mixture, stating the components 
of the mixture. 

Section 4. — It shall be the duty of the State board of health to 
prepare and publish from time to time, lists of the articles, mixtures 
or compounds declared to be exempt from the provisions of this Act 
in accordance with the preceding section. The State board of health 
shall also from time to time hx the limits of variability permissible 
in any aiiicle of food or drug, or comi}ound, the standard of which 
is not established by any national Pharmacopceia. 

Section 5. — The State board of health shall take cognisance of 
the interests of the public health as it relates to the sale of food and 
drugs, and the adulteration of the same, and make all necessary 
investigations and inquiries relating thereto. It shall also have the* 
supervision of the appointment of Public Analysts and Chemists, 
and upon its recommendation, whenever it shall deem such officers 
incompetent, the appointment of any and every such officer shall 
be revoked and be held to be void and of no effect. Within thirty 
days after the passage of this Act, the State board of health shall 
meet and adopt such measures as may seem necessary to facilitate 
the enforcement of this Act, and prepare rules and regulations with 
regard to the proper methods of collecting and examining articles of 
food or drugs, and for the appointment of the necessary inspectors 
and analysts ; and the State board of health shall be authorised to 
expend, m addition to all sums already appropriated for said board, 
an amount not exceeding ten thousand dollars for the purpose of 
harrying out the provisions of this Act. And the sum of ten thousand 
doU^ 18 hereby appropria^d out of the moneys in the treasury, not 
otherwise appropriated, for the purposes in this section provided. 

Section 6. —Every person selling or offering or exposing any article 
of food or drugs for sale, or delivering any article to purchasers, 
shall be bound to serve or suppty any Public Analyst or other agent 
of the State or local board of health appointed under this Act, who 
shall apply to him for that purpose, and on his tendering the value 
of the same, with a sample sufficient for the purpose of analysis of 
any article which is included in this Act, and which is m the 
possession of the persop selling, under a penalty not exceeding fifty 
dollars for a first offence, and one hundred doUars for a second and 
subsequent offences. 

Section 7. — ^Any violation of the provisions of this Act cOiall be 
treated and punished as a misdemeanor; and whoever shall impede, 
obetroct, hinder, or otherwise prevent any Analyst, Inspector, or 
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prosecaldiii^ oflftcer in the performance of his duty shidl be guilty of 
a misdemeanor, and shall bo liable* to indictment and punishment 
therefor* 

Section 8w— Any Acts or parts of Acts inconsistent with the pro- 
visions of. this Act are herebjr repealed. 

Section 9. — All the re^latioUft and declarations of the State board 
of health made under this Act, from time to time, and promulgated, 
shall be printed in the statutes at lai^e. 

Section 10. — This Act shall take effect at the expiration of ninety 
days after it shall become law. 
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Aristotle’s ideas on milk, 194. 

Arrack, 391. 

Arrowroot, 139-140, 144, 146. 

„ ' —Early instance of adul- 
terated, 37. 

Arsenic in cheese rind, 313. 

Arum starch, 143. 

Ash, 96. 

„ —Alkalinity of; 98. 


Ash — Determination of all the 
constituents of, 98. 

„ of barley, 176. 

„ of beer, 166. 

„ fOf bread, 412. 

„ ofmilk, 210, 232, 241. 

„ of millet, 181. 

„ of mustard, 491. 

„ of oat, 175. 

„ of pepper, 495. 

„ of potato, 182. 

,, of rice, 179. 

,, of rye flour, 178. 

,, of sugar, 102. 

,, of tea, 336. 

,, of wheat, 146. 

,, of yeast, 397. 

„ -—Soluble, 98. 

,, — Total percentage of, 97. 

As[X)rgillu3 glaucus, 167. 

Asses’ milk, 199, 218» 220. 

Assize of bread, 5. 

„ — Statute of, 5. 

Averroes— Ideas of, on milk, 194. 

Avicenna’s ideas on milk, 194. 

Bacteuia, 542. 

„ in bread, 167. 

Bakers’ Act, 1836, 19. 

„ frauds in the fourteenth cen- 
tury, 7. 

Bakers in the time of Pliny, 4, 5. 

Baking — Changes which the flour 
uudWgoea in, 164, 165. 

Banana starch, 144, 146. 

Barium chromate in sweets, 127. 

Barley, 176, 402. 

Barley and malt— Composition of, 
401. 

Barley bread, 177. 3 

„ starch, 142, 144. 146, 175. 

Bariholomew Martin, 195. 

Bartoletm^ 32. 

„ —Treatise on milk by, 

195. 

Bavarian beers, 400. 

Beans, 141, 146, 192. 

„ in flour, 158. 

Beaum§— Determination of salt in 
milk, 199. . 

Beech leaf— Description o^ 324. 

Beech-nut— Specific gravity of oil, 
511. 

Beer, 398-437. 

„ — Analyua of; 412. ; 
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Beer— Ash 412, 

„ „ —Determination of, 

434. 

,, bitters, 404. 

„ and porter— Acts relative to, 20. 

„ — Extract of, 415. 

, , — Fraudulen t practices of early 
brewers, 8. 

„ — Original gravity of, 423. 

,, — Sour ferments of, 398. 

„ — Volatile and fixed acids of, 
414. 

Beeswax, 131. 

Beet sugar — Ash of, 107. 

,, — Composition of, 109. 

Benzoyl chloride — Action on alcohol 
of, 376. 

Bethairs ]:)atent process for mUk, 265. 
Betters process for the combustion 
of a water residue, 539. 
Bibliography — General treatises on 
food adulteration, 43. 

, , relative to almonds, 506. 

„ „ beer, 437. 

„ ,, bread and 

flour, 172. 

,, ,, coffee, 357. 

,, ,, milk, 284. 

,, ,, mustard, 491. 

„ ,, pepper, 500. 

,, ,, starches, 146. 

„ ,, tea, 341. 

„ ,, vinegar, 480. 

„ ,, wine, 473. 

Bilberry, 133. 

Biological processes for the exami- 
nation of drinking water, 540. 
Bismuth — Detection o^ in milk, 
273 

Bitch’s milk, 223, 226. 

,, — ^Inflaenoe of food on, 

267. » 

Bitter principles in milk, 212. 

Bitters used m beer, 426. 

Blackberry, 133, 136. 

Blood in milk, 2^9. 

Blue colours, 96. 

Blue milks, 230, 258. 

Boerhave’s views on milk, 195. 
Boheio acid, 318. 

Bohemian tea, 340. 

Boisbeaudran’s method of obtaining 
spark spectra, 79, 80. 

Bollinger’s experiments on tabercle, 


Borax— Detection of, in milk, 263. 
Bottger, B.— Estimation of glucose 
in presence of cane sugar, 185. 
Boussingault’s analysis of the secre- 
tion of the milk tree, 225. 

Boutron, Charlard, 40. 

Boyle, Hon. Robert, 33. 

Brains — Adulteration of milk with, 
259. 

Brandy, 384. 

Brasileinc, 88. 

Brasiliue, 87. 

Brassier *8 analysis of cheese, 311. 
Brazil wood, 94. 

,, in wine, 469. 

Bread, 164-172. 

„ Acts, 19. 

,, — Adulteration o^ 167. 

,, with iron, 8. 

,, — Black, digestibility of, 166. 

„ —Mean composition of, 166. 

,, —Old German regulations 
relative to, 16. 

Breeds of cows most approved by 
cow-keepers, 273. 

Brewing— Water used in, 508. 

,, frauds, 38. 

Bromine in water, 517. 

Brucke, E. — Estimation of glucose 
in presence of cane sugar, 105. 
Buckwheat, 145, 146. 

Bunsen’s valve, 99. 

Bussy, A., 40. 

Butter, 285-304. 

,, — Analysis of, 288-303. 

,, M of insoluble fatty 

acids, 302. 

„ — Ash of, 289. 

„ — Bibliography relative to, 

304. 

,, — Examination of adulter- 

ated, 289. 

„ fat, 289. 

,, ,, — ^Analysis of, 291. 

,, — Decomposition of, 

into fatty acids and 
glycerine, 297. 

„ ,, —Patterns 290. 

, , —Legal case relative to, 303. 

„ — Mmting-point o^ 294, 

. „ — Old French regalatiohB 

regarding, 14. 

—Proximate analysis of, 288* 
„ —Titration of by alcoholic 

potash, 296. 


253. 
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Butter— Water in, 289. 

Butterine, 286. 

„ — ^Melting-point of, 204. 

„ —Pattern of, 291. 
Buttermilk, 304. 

Butyric acid, 205. 

„ — Law of distillation 

o^ 450. 

Butyrin, 205. 

Butyro-lutein, 212. 

Caffeine— See Theine. 

Caifeo- tannic acid, 345. 

Calamus root, 388. 

Calcic chloride^ — Standard solution, 
553. 

Calumba root, 141. 

Comers milk, 222. 

Camellia saasanqua, 325. 

Camembert cheese, 306. 

Cane sugar, 103. 

Canna arrowroot, 139, 144. 

Caproic acid, 205. 

Caproi^ 205. 

Caprylic acid, 205. 

Caprylin, 205. 

Capsaicin, 501. 

Capsicin, 501. 

Capsicol, 501. 

Caramel, 93. 

Oaramelaue, 93. 

Caramelin, 93. 

Oarameline, 93. 

Carbazotic acid — See Picric acid. 
Carbon — Estimatiou of, in water 
an^ysis, 530, 535, 536, 
539. 

,, —Organic estimation of, in 
water, 528-539. 

(Carbonic acid in ash, 99. 

„ in beer, 414. 
Cai*damoms — Oil of, 388. 

Carfnine green, 95. 

„ red, 

Carminic acid, 83. 

Carthamic acid, 87. 

Carthamin^ 87. 

Oaseine, 200, 206. 

,, — Separation and deter- 

mination of, 242, 

Ca^ar Neumann, 37. 

<Ja8sia-^Seed of, in coffee, 355. 
(\'ifi8amajor’8 method of detecting 
starch sugar in cane, lOG. 

Cassava, 145. 


Catechu— Detection of, in tea, 339, 
340. 

Cat’s milk, 224. 

Cayenne pepper, 500-503. 

. „ — Adulterations of, 

• 147. 

Cerealin, 147. 

Certificate of analyst, 58. 

,, received as evi- 

dence, 60. 

,, as to adulter- 

ated milks, 
261. 

Chatin’s method of determining 
iodine in water, 517. 

Cheddar cheese, 307. 

Cheese, 305-313. 

„ — Adulteration of, 312. 

,, — Analysis of, 312. 

„ — Kipeuing of, 310. 

Cherries, 133. 

Chestnut, 142. 

Chevallier’s Dictionary, 41 . 

Chicory — Adulterations of, 23. 

,, — Analysis of, 350. 

,, — Detection of, 349-354. 

„ — Influence o^ when mixed 

with coffee, 350, 351 . 

,, — Treasury minute as to, 

22 . 

Chinese peas, 191. 

Chlorine in ash, 98. 

,, in coffee and chicory, 354. 

„ — Estimation oft in water, 

516. 

Chloroform — Process for the separa- 
tion of alum from flour, 159. 
Chocolate, 359. 

— Adulterations of, 367. 
— French, 360. 

— Spanish, 360. 
c. — vanilla, 360. 

Cholesterine in beans, 193. 

in butter, 186. 
in milk, ^9. 

Chromic acid as a test for alcohol,. 
395. 

Chuno, 184. 

Cigar ash, 321. 

Citric acid juices — Analysis of, 481. 
Clark’s patent process for milk pre- 
servauon, 265. 

Clarke’s soap test. 

Clausnizer and Mayer s i>rocess of 
milk analysis, 238. 
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Clausuizer*s ether-extracting appar- 
atus, 67. 

Classes of water, 552. 

Cnicin, 409, 

Cochineal, 83, 470. 

Cocoa— Adulterations of, .366. ^ 

,, and chocolate, 358-.367. 

„ „ — BibUography 

relative to, 367. 
, , — Ash o^ .35, 363. 

,, butter, .366. 

, , , , — M el ting-point of, 294. 

,, — Epps’s, 359. 

,, — Essence, 359. 

,, — Granulated, 359. 

,, — -Homa?opathic, 359. 

,, Maravilla, 359. 

,, — Microscopical characters of, 
.358. 

,, — Nitrogenous constituents of, 
365. 

CofTec, 343-3.57. 

,, — Acts relative to, 21, 22. 

, , — Adulterations of, 23, 349, 

,, — Analysis of, 348. 

,, — Bibliography relative to, 

357. 

,, —Chemical changes during 

roasting, 344. 

,, — Chicor^, density of in- 

fusions of, 353. 

,, — Cotni) 08 ition of commer- 

cial varieties of, 347. 

,, — Constituents, 345. 

„ fat, 347, 349. 

,, infusion — Specific gravity of, 

352. 

„ — bil’of,347. 

, , — Soluble ash of, 351 . 

, , — Treasuiy minute as to, 24. 

Coffin’s food for inffints, 173. 
Cohesion figures, 292. 

Cohn’s classification of bacteria, 543. 
Cohnheim’s experiments on tuber- 
culosis, 253. 

Colchicine in milk, 272. 

Cold — Action of, on milk, 266. 
College of Physicians in the fifteenth 
century— I nsj)ection of food, &c., 
by, 11. 

Cologne— Adulteration of wine in 
1451, 17. 

Colostrum cells, 229. 

Colour and colouring-matters, 81, 96, 

„ ,, of sweetmeats, 126. 


Colour of water, 514. 

,, of wine, 460, 472. 

Colza oil — Specific gravity of, 511. 
Committee— Select, 1856, 24. 

„ „ 1874, 28. 

Concrete sugar — Analysis of, 110. 
Cones, 168. 

Confectionery, sweetmeats, 82, 125. 
Conferva} in water, 542. 

Copper, 26. 

,, in milk, 211. 

,, in peas, 188, 189. 

„ in vegetables, 26. 

,, sulphate in bread, 157. 

, , sulphate solution, 553. 

,, zinc couple, 519. 

Coralline, 86, 94. 

Coriander oil, 390. 

Corn — ^Adulteration of, 3. 

„ -cockle in wheat, 153. 
Cotton-seed oil — Specific gravity , 5 11. 
Cream, 275, 279. 

,, — Artificial, 277. 

„ cheese, 306. 

Creighton, Dr. C. — Views on tuber- 
culosis, 254. 

Crime in eleventh and twelfth centu- 
ries, .5. 

Crouch r. Hall, 55. 

Cura^oa, 392. 

Curcuma arrowroot, 139, 144. 
Curcumin, 88. 

Currant, 133, loli. 

Damsons, 133. 

Daphnin, 409. 

Dari starch, 141. 

Darnel, 154. 

Date coffee, 356. 

Davy’s test for alcohol, 375. 

Death in the Pot,” 37, 39. 

Deputy — Appointment of, by insj>ec- 
tor, 56. 

Desmids in water, 542. 

Devon cream, 276. 

Dextrine — Detection of, in cane 
sugar, 106. 

Dextrose, 103, 11. 

Diarrhma caused bj' milk, 272. 
Dioscorides, 4. 

Distilled water, 513. 

Donne, 36. 

,, — Cours Microscopique, 195. 

, , — Method of detecting ]^ato 

. starch, 155. 


38 



578 


INBEX. 


Donny^s test for butter, 293. 
Doorschodt*— Analyses of milk, 197. 
Dragendorff's process as to beer, 
427-430. 

Dripping-*-M el ting-point of, 294. 
Druggists— Old x>o8ition and regula- 
tions of, 11, 14, 

Drugs — Adulteration of, 47. 

,, — Com])Ounded, 48. 

,, —Old German regulations as 
to, 18. 

Duclaux’s method of distilling vola- 
tile acids, 449-458. 

Dumonchaux on milk, 197. 

Dunlop cheese, 307. 

Dupr5 and Hake’s method of esti- 
mating minute (quantities of car- 
bon, 536. 

Dupr<5’s experiments on the separa- 
tion of alum from Hour, 
159. 

,, process for detecting the 
colouring-matter of wine, 
461. 

Khbbnbkrg's “Infusorial Life,” 36. 
Elaidin teat, 511. 

Ender’s i)rocess of detecting hitter 
principles in beer, 430. 

Eoain, 86. 

Epps’s cocoa, 359. 

Ergot in Hour, 154. 

Erucic acid, 511. 

Kiythrophyll, 91. 

Ethers— Estimation of, in wine, 458. 
Extract of tea, 335. 

Facing of tea, 323, 340. 

False warranty, 61. 

Farinaceous food for children, 173. 
“Fear” milk, 259. 

Fehling’s solution, 113. 

.. „ — Soxhlet’s method of using,* 

118. 

Fermentation — Alcoholio, 394. 

,, fermented liquors, 394- 
398. 

Ferrous chloride solution, 553. 

Fish — Experiments on, as a part of 
water analysis, 547. 

.yPlavin, 95. 

Flour, 148-163. 

,, — Acts relative to, 30. 

,, — Adulterations of, 154. 

,, — An^dysis of, 152-163. 


Flour and bread—- Early French re- 
gulations relative to, 13. 
i ,, — Cold extract of, 161. 

„ — Fat of, 161. 

—Legal case relative to, 163. 

„ • — MiUon and Kekul5’e ana- 
lysis of, 149. 

„ — Nitrates in, 149, 150. 

, , — N itrogenous constituents of, 

149-156. 

,, — Physical characters ofi 148. 

,, — Proximate analysis of, 161- 

163. 

, , — W ater in, estimation of, 1 CL 
Food — InHuence of milk on, 267. 
Forchammer process in water analy- 
sis, 523. • 

Fore milk, 217, 283. 

Formic acid, 383. 

, , and Acetic Acids (tables), 455. 
,, „ — Distillation of, 451. 

Fousel oil in whisky, 386. 

,, — Ettects of, 387. 

France— Adulteration in, 12. 
Frankfort on the Maine— Method of 
punishing fraudulent vintners, 17. 
Frankland’s combustion process, 528. 
French bakers — Frauds of, 12. 
French chocolate, .366. 

Friedrich, J. B.-^lVeatisc on adul- 
teration, 40. 

Fromage de brie, 306. 

Fuchsiue, 84. 

„ — Detection of, in wine, 

462, 417. 

Fungi in bread, 167. 

Fustet, 95. 

Fustic, 89, 95. 

Galacttne, 212, 242. 

Galactose, 116, 210. 

Galangal, 141. 

Gamboge, 89. 

„ as an adulterant of mus- 
tard, 491. 

Gamier and HarePs treatise on adul- 
' teration, 40. 

Gas apparatus, 531. 

Gases of milk, 214. 

Gautier, A. — Preparation of crystal- 
lised chlorophyll, 90. 

, , Method of detecting col- 

ouring agen t s of wine, 
464. 

Geissler’s vaporimeter, 378. 
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Gtolatino process for the detection of 
alum, 1(>8, 558. 

Oentianin, 410. 

Gentio^nin, 411. 

Gentipicrin, 411. 

Geoffrey, 197. 

Gerber and Go’s, condensed milk, 173. 
Gerber’s lacto-lepiminose, 173. 
Gerlach’s experiments on tubercle, 
253. 

German miilds, 16. 

Germs — Cultivation of, in water, 546. 
Gesner’s analysis of milk secreted by 
infants, 226. 

Gibson I^eaper, 49. 

Gin, 388-391. 

„ — Analysis of^ ,390. 

Ginger, 141. 

,, — F. Bedi’s experiments on, 

33. 

Gliadiii, 152. 

Gloucester cheese, 307. 

Glucose — Detection of, in sugar, 105. 
Gliitcii-caseine, 160, 161. 

,, fibrine, 150, 151. 

Glycerine as an adulterant of milk, 
263. 

,, — Kstimation of, in wine, 

446. . 

„ — Pasteur’s method of esti- 

mating, in wine, 394. 
Goat — Male, milk of, 227. 

Goats’ milk, 221. 

Gooseberry, 133. 

Goose-Milk-like secretion of glands 
of, 224. 

Gorgonzola cheese, 309. 

Granulated cocoa, 359. 

Granulose, 136. 

Grape juice — Analysis of, 438. , 
Grapes, 133. 

Green colours, 90, 95. 

Grimwade’s patent process for milk 
preservation, 265. 

Groning’s method of ascertaining the 
strength of spirits, 374. 

Gruy^jre cheese, 309. 

Gum — Determination of, 339. 

HufflMATEIN, 87. 

Hmmatoxyiin, 87. 

Hager’s method of analysing butter, 

Hager’s method of analysiiig coffee, 
354. 


Hager’s method of analysing tea, 
339. 

Halogens — Determination of, in 
water analysis, 516. 

Hammersten on caseine, 206. 
Hardness of water — Determination 
of, 527. 

„ ,, — Tables of, 555, 

556. 

Hardy’s test for alcohol, 376. 

ITaasall, Dr., 25, 42. 

Hawthorn leaf— Description of, 324. 
lleisch’s test in water analysis, 546. 
Hippopotamus — Milk of, 2^2. 
Hoffman’s experiments on milk, 200. 
Hoffman’s violet, 96. 

Hog-bean starch, 146. 

Hollyhock as an adulterant of wine, 
471. 

Homceopathic cocoa, 359. 

Honey, 128-131. 

Honey ant, 128. 

Hooke, Dr., 36. 

Hop- cones — Ash of, 405. 
Hoi)po-8eyler’s analysis of chloro- 
phyll, 91. 

,, — Views on milk glo- 

bules, 202. 

Hop-resin and glycerine — Estima- 
tion of, 425. 

Hops, 405. 

„ —Oil of, 407. 

Horde v, Scott, 56. 

Horsford - Liebig bread — Digesti- 
bility of, 166. 

House’s patent milk, 267. 

Human milk in disease, 246. 
Hureaux, 42. 

Hydrocarotin, 389. 

IcB-coATiNG of cakes, 126. 

Indican, 92. 

Indiglucin, 92. 

Indigo, 92, 96. 

„ as an adulterant of wine, 471. 
„ disulphonic acid, 92, 95. 

,, monosulphonic acid, 92, 95. 

„ method of determining ni- 
trates in water, 521. 

, , — Spectrum of, 93. 

,, sulphuric acid, 96. 

Invert sugar, 115. 

Iodine in milk, 211. 

, , — Determination of, in water, 

517.' 
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lodofonn--ProductioiL of, 375. 

Iron filings in tea, 322. 

Isatin, 9^ ^ 

Jacoby*^ method of detecting ergot 
in flour, 154. 

Jam, 132. 

Jellet’s saccharimetcr, 124. 
Juniper— Oil of, 390. 

Kakodyl— Production of, in test- 
ing for alcohol, 37G. 

Kermes, 94. 

Klebs’ experiments on tubercle, 253. 
Knapp's mercuric cyauidc solution, 
114, 116-118. 

Kreatiue in milk, 213. 

Koettstorfer’s test for butter, 296. 
Koumiss, 280. 

Label clause, in Sale of Food and 
Drugs Act, 48, 49. 

,, — False, 61. 

Lac* dye, 94. 

Lactic acid, 225. 

„ fermentation, 225. 

Lactidc, 245. 

Lacto-chrome, 212. 

Lacto-leguminose, 173. 
Lacto-proteine, 211. 

Lager beer, 400. 

Lambick beers, 400. 

** Lancet” Sanitary Commission, 25. 
Lard — Melting-point of, 294. 
Laugier’s method of determining 
sugar ash, 102, 111. 

Lead in wine, 18. 

Leaves — Colouring-matters of, 91. 

,, —Now microscopical process 
for examining, 320. 

L^anu’s method of separating le- 
gumin from flour, 157. 

L^anu’s method of separating starch 
fix>m flour, 155. 

Leeuwenhoek, A. Van, 34. 

„ — Observations 

on milk, &c., 
195. 

I^gal case relative to butter, 343. 

gin, 391. 
milk, 281. 
peas, 190. 
whisky, 388. 
wine, 473. 

Legumin in wheat, 186, 188. 


Leguminous starches iu wheat flour, 
156. 

Lemon and lime juice, 480. 

Lemons, 135. 

Lentilg, 192. 

Lermer’s lupulite, 406. 

I Levulose, 103, 112. 

Lichenstein’s treatise on milk, 198. 
Liddiard v. Reece, 49. 

Liebig’s child soup, 173. 

Lignac’s patent milk — Process for 
l>re8erving, 265. 

Lime juice— Analysis of, 482. 
Liqueurs, 392. 

Litmus, 93. 

Llama — Milk of, 222. 

Logwood, 87, 96. 

„ as a colouriug agent of 
wine, 470. 

,, as a test for alum, 159, 
160. 

Ijolium temulentum, 154. 
Lowenthal’s process for tannin esti- 
mation, 333. 

Lujiia seeds in coffee, 355, 

Lupiilic acid, 407. 
liUpulin, 407. 

Lupulin and lupulite, 405, 

Lychnis cithago in flour, 153. 

Madder, 86, 94. 

Magenta, 94. 

Magnesia— Spectroscopic test for, 86. 
Maize, 142, 145, 146, 180. 

Malic acid — Estimation of, in wine, 
457. 

Malt-extroct, 401-415. 

,, — Specific gravity of, 

416-419. 

Malt— Pale, composition of, 403. 
Maltose, H6, 404. 

Manganese in tea, 322. 

Mammitis— Milk in, 248. 

Mannite, 130. 

Maravilla cocoa, 359. 

Marmalade, 135. 

Matd, 343. 

„ — Physiological action o^ 343. 
Mauve, 96, 

Meal— Musty, 6. 

Measurements of objects under 
microscope, 74. 

Medical officer of heidth taking 
samples, 54. 

Meggenhofeu’a analysis of milk, 219. 
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Melamjr^m arvense as an adulter- 
ant of wheat, 153. 

Melting-point of butter fat and other 
fats, 294. 

Monyanthin, 411. 

Mercury pump, 72. * 

„ — Use of, in water analysis, 

530. 

Metals in milk, 272. 
Meta-phenylenediaminc, 553. 

„ phosphoric acid, 553. 

Methyl aniline violet — Production of, 
382. 

Methyl oxalate— Production of, 382, 
Methylic alcohol — Detection of, 381. 
Micro-chemistry, 74. 

Micrometer eyexnece, 73. 

Microscope, 73. 

,, — Influence of inveution 

of, 34. 

Micro-sxiectroscox^e, 75. 

Milk, H)4-284. 

,, — Abnormal, 225. 

,, — Adulteration of, 258. 

,, ,, bycanesugar, 

253. 

,, — Albuminoids of, 20(1. 

,, „ and ash, deter- 

miuation of, 
232. 

, , — Amx)hioteric reaction of, 227 - 
240. 

,, ash, 210. 

,, ,, — Determination of, 203. 

,, — Average composition of, 

214. 


,, — Bibliography relative to, 

283. 

,, —Bitter principles derived 
from plants, 272. 

,, case (legal) — Defence of 
“rain,*' 283. , 

,, — Certiticates relative to, 201. 

,, —Condensed, 279. 

,, — Decomposition of, 257. 

,, — Diseas^ 224, 283. 

, , — Early tests for purity of, 9. 

,, — Examination of, 228. 

„ fat, 203. 

„ ,, — Analysis of, 239. 

,, ,, — Extraction of, 232. 

„ —‘‘Fore,” 283. 

,, — Gases of, 214. 

„ — Genend analysis of, 231. j 

„ gland— Chemistry of, 201. I 


M ilk— Globules of, 201. 

„ „ — Whether they 

have a mem- 
brane ? 202. 

,, — Historical notices of, 194- 
200. 

,, -like secretion of birds and 
plants, 224. 

,, — Method of detecting cane 
sugar in, 262. 

,, — Microscopical characters of, 
231. 

,, — New, manufacture of, from 
condensed, 282. 

,, — New form of disease pro- 
duced by milk, 256. 

,, of ass, 199. 

,, of bitch, 223. 

„ of camel, 22. 

,, of cat, 224. 

, , of cows suffering from aphthous 
feveri 247. 

„ of cows suffering from disease 
of udder, 251. 

, , of cows suffering from engorged 
rumen, 249. 

„ of cows suffering from par- 
turient apoplexy, 248. 

, , of cows suffering from phthisis, 
249. 

,, of cows suffering from pneu- 
monia, 249. 

„ of cows suffering from typhus, 
251. 

„ of goat, 260, 221. 

,, of hippopotamus, 222. 

„ of infants, 225. 

,, of llama, 222. 

,, of mare, 221. 

„ of sheep, 222. 

,, of sow, 223. 

,, of woman, 199, 200. 

,, — Penalty for refrising to sell 
samples to inspector, 54. 

„ — Preservation of, 264. 

„ —Propagation of disease 
throng, 251. 

,, — Quantity yielded by cows, 

273. 

,, —Samples of, taken in transit, 
55. 

„ -Skim, 277. 

„ —Skimming ot 262 ; legal 
case, 281. 

,, standards, 260. 
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Milk sugar, 115, 209. 

,, ,, —Estimation of, 234, 

240. 

„ — ^Total solids of, 202. 

,, tree, 225. 

Milking cows — Food of, 274. 

Millet, 18. 

,, starch, 145, 145. 

Mitchell, Joh]^ 41. 

Mitscherlich’s polarising sacchari- 
meter, 120. 

Molasses, 131. 

Molybdic acid solution, 553. 

Morine, 89. 

Moritannic acid, 89. 

Mucedin, 151. 

Mucormucedo, 167. 

Mulberry, 133. 

Muller’s process of milk analysis, 
237. 

Must, 438. 

Mustard, 484, 491. 

,, — Adulteration of, 489. 

,, — Chemistry of, 486. 

, , — Microscopical charac ters 

of seed 484. 

Mutton fat— Melting-iK>int of, 294. 
Myronate of potash, 488. 

Myrosin, 487. 

Naphthaline red, 86. 

yellow, 94, 95. 

Nessler solution, 554. 

„ test in water analysis, 525. 
Nestles’ biscuit food, 173. 

,, Swiss milk, 279. 

Neufchatel cheese, 305. 

Neumann, Caspar — Observations on 
milk, 200. 

Newton’s patent process for preserv- 
ing milk, 265. 

Nitrates — Estimation of, in pepi)er, 
496. 

„ — Estimation o^ in water, 

518. 

Nitrites in water, 522. 
Nitro-benzine— Detection of, in bitter 
almonds, 505. 

Nitrogen— Table for reduction of 
cc.’a to grammes, 557. 

„ in tea, 331. 

,, in water — Determination 
of, 583. 

Normw^»^phonse, 25, 41. 
Norw^i&u c^n^onsed milk, 279. 


Notices on shops, etc., relative to 
purity of articles, 61. 

Nuclein, 208. 

Nutmeg starch, 141. 

Nut 9 il, 511. 

Oatmeal, 174, 176. 

,, — Adulteration of, 176. 

,, „ with bar- 

ley, 139. 

„ — Fat of, 175. 

,, — Gliadin, 175. 

Oat-starch, 143, 145. 

CFnocyanin, 460. 

Gllnolin, 460. 

Oidium aurantiacum, 167. 

Oil — Angelica, 389. 

,, —Fixed, of mustard, 488. 

,, of almonds, 503. 

,, of cardamoms, 389. 

,, of coriander, 390. 

,, of mustard, 489. 

„ of olives, 509. 

„ of pepper, 494. 

,, ,, — Estimation of, 491. 

„ of rice, 178. 

Olein, 204. 

Olive oil, 509-512. 

,, — Adulteration of, 509, 

,, — Chemical tests for, 511. 

,, — Specific gravity of, 511. 

,, — S[)ectram of, 510. 

Oranges, 135. 

Orellin, 88. 

Orris root, 141. 

Ox fat— Melting-point of, 294. 
Oxygen absorbed by mUk, 216. 

„ in water, 523. 

„ process — Standard solution 

for determining, 523, 554. 

Pachyrhieus augulatus^ 145. 

Pale ale, 400. 

Palladium solution, 554. 

Palmella prodigiosa^ 167* 

!l^almitic acid, 203. 

Palmitin, 203. 

Panthaleon’s views on milk, 194. 
Paraffin — Patterns of, 291. 

Parmesan cheese, 309. 

Parturient apoplexy — ^Milk in, 248. 
Patterns of latia^ 290. 

Pavy’s method of sugar titration, 

120 . 

Pea cheese, 191. 
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Pea soup, German, 187. 

Pea tablets, German, 187. 

Peach, 133. 

Pear, 133. 

Pearl barley, 170. 

Peart v, Edwards, 59. 

Peas, 186 187. 

„ — Poisoning by putrid pre- 

served, 188. 

Pepper, 492-499. 

,, — Adulteration of, 497. 

,, — Analysis of, 490. 

,, — Ash of, 495. 

„ — Bibliography relative to, 

500. 

„ — General composition of, 

496. 

, , — Legal case relative to, 498. 

,, — Nitrates of, 495. 

„ —Oil of, 495. 

,, — RedPs experiments on, 

33. 

, , — Starch of, 144. 

,, — Structure of, 493. 

,, — Varieties oi^ 492. 

Pepperers or spneers — Regulations 
relative to, 10. 

Peppermint drops, 125. 

Perkins — Distillation of volatile j 
fatty acids, 301. 

Permanganate alkaline, 527, 554. 

,, process, 523. 
Peronospora iumstans, 183. 

Phaiophyll, 91. 

Pharmacopiceias — Establishment of, 
11-18. 

Phosphates in the ash, 98. 100. 

„ ill cocoa ash, 9S, 100. 

,, in water. 

PhoBphoini8->Organic, in milk, 239. 
Photography, 80, 81. 

Phthisical milk, 249, 250. 
Phyllocyanine, 90. 

Phylloxanthine, 90. 

Picric acid, 88, 94, 95, 432. 

Picrotoxin — Detection of, 431. 

Pigeon — Milk-like secretion of, 224. 
Piperic acid, 494. 

Piperidin, 494. 

Piperin, 494, 

Placitus’ views on milk, 194. 
Play&ir's experiments on the feeding 
of cattle, 268. 

Pliny, 4. 

Plum, 133, 134^ 


Polarimetric estimation of sugar, 
120-125. 

Police des commissaires, 12. 

Poison's patent flour, 174. 

Potassium iodide solution, 554. 

, , monochromate — Solution 

of. 654. . 

,, permanganate — Solution 

nf 

Pope V. Turle, 50. 

Poppy oil— Specific gravity of, 511. 
Porter — Composition of^ &c., 399, 
400. 

Potato— Analysis of, 184. 

„ fungus, 182-185. 

,, starch as an adulterant of 
wheat flour, 155. 

Power, Dr. Hy., 36. 

Prejudice C|uestion, 29-31, 47. 

I Private purchase of samples, 54. 
Proof spirit, 133. 

Propionic acid — Distillation of, 461. 
jProsecution of ofienders against Sale 
j of Food and Drugs Act, 59. 
Pninier's method of separating 
coffee from chicory, 354. 

Prussian blue, 96. 

1 Public analyst — Appointment of, 
52. 

Public Analysts’ Society, 42. 
Purchase of saiujdes, 53, 56, 62. 
Pui-ple cow wheat, 152. 

Purpuriae, 87. 

,, as a test for alum, 161. 

Railway Station — Taking of 
samples at, 63. 

Raspberry, 133, 1.36. 

Rectifled spirit, 370. 

Red bread fungus, 167. 

Redi, Francesco, 32. 

Refusal to sell, 50, 65. 

Reichert’s process for saponifying 
butter, 300. 

Reports — Quarterly, of analyst, 59. 
Khinanthin, 153. 

Rhizopus nigricans, 167. 

Rice, 178-179. 

„ starch, 143, 145, 146. 

Biddle's patent process for the pre- 
servation of milk, 266. 

Ridge's food, 173. 

Rinmau’s green, 92. 

Ritthausen’s copper process for the 
analysis of muk, 2^. 
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Bobine’s method for detecting 
TOtato starch in wheat flour, 150. 
B<mine’s method for estimating the 
value of flour, 162. 

B.odiguez’8 method of examining 
flour, 158. 

Book P. Hopley, 00. 

Boiiuefort cheese, 300. 

, , , , — Bii>ening of, 31 1 . 

Bosaniline, 81. 

Bosocyanin, 88. 

Bousseau’s diagometre, 510. 

Bum, 385. 

Rutic acid, 200. 

Bye, 177, 178. 

,, bread, 178. 

,, ,, — Digestibility of, 100. 

,, —Fat of, 177. 

,, Hour, 177. 

,, starch, 142, 144. 

SACCHAiiLMJiiTkE a PenoTubres, 125. 
Sacchse, A. — Solution for the esti- 
inatioii of sugar, 114. 

SafOower, 87, 94, 

Saffron— Old penalties for adulterat- 
ing, 10. 

Safromne, SO. 

Sago starch, 142, 145, 140. 

Saladin of Ascala, 32. 

Sale of Food and Drugs Act, 47. 

,, ,, Text of 

559. 

iSalicylic acid, 203. 

Salt in beer, 408. 

, , — Determination of, 434. 

Sami>le — Division of, into parts, 57. 
,, — Transmission through the 

post, 57. 

Sande, J. B. Vauden, 33. 

Sandy 8 v. Small, 51. 

Sant^in, 88. 

Saphrophiles, 544, 

Sa]K)nin, 153. 

Scheele— Discovery of lactic acid, 

200 . 

Scheibler’s method of detecting dex- 
trine in 6ug<ar, 106. 
Scho6pfl’--Ji:xperiments on milk, 199. 
Sebiitzenberger on the decomposi- 
tion of caseine by baryta, 207. 
“Search after claret,** 10. 

Sechium starch, 145. 

Section cutting, 74, 75. 

Sesame oil— Specific gravity, 511. 


Sewage farm— Influence of, on the 
milk, 272. 

Sheep’s milk, 222. 

Silver nitrate— Standard solution of, 
654. 

SinalVin, 487. 

Sinapin, 486. 

Skeleton ashes, 321. 

Skim cheese, 309. 

„ milk, 277. 

Sloe, 325. 

Smell of w’ater, 514. 

Smethan’s method of determining 
the oi^anic elements of water, 535. 
Smith, Dr. L. — Microscope, 73. 

Soap — Standard solution of, 554. 
Sodic nitrite — Solution of, cSs. 
Sodium chloride— -Solution of, 555. 

,, hydrate— Solution for esti- 
mation of nitrates, 555. 
Soldaini’s solution for estimation of 
sugar, 113. 

Soleil’s saccharimeter, 122. 

Somerset House— Beference to, 60. 
Sorby-Bro wiling micro-spectroscope, 
75, 

Sorby’s method of measuring absorp- 
tion bands, 77. 

Sow’s milk, 223. 

Soxhlet’s ajjparatus for ether, 37. 

,, exx>erimcnts on the estima- 

tion of sugar by Fehling’s 
solution, 115-119. 

,, method for obtaining dex- 

trose, 112. 

„ process of milk analysis, 

233. 

Spanish chocolate, 360. 

Specific gravity— Determination of, 
by Boyle, 33. 

,, of butter fat, 295. 

, - —Milk, 231. 

,, ' tables for alcohol, 

300-302. 

Siiectroscopic determination of 
metals in milk, 245. 
,, examination of colour- 
ing-matters, 82. 
Spectrum of water, 515. 

,, analysis as applied to 
beer, 433. 

Spermaceti — Pattern of, 292. 

Spiral balance, 70. 

Spirit indication (tables), 420-422. 
Spirits— Standard of strength, 48. 
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Standard solutions in use in water 
analysis, 553. 

Starch— Estimation of, by conver- 
sion into sugar, 113. | 

,, —Solution of, 555. • 

Starches — Microscopical identifica- 
tion of, 138-146. : 

„ — Quantitative detemiina- j 

tion of, 80, 137. i 

Stearin, 204. I 

Stein^s photograjdiic camera, 80. | 

Stephens’ patent relative to milk j 
i)reservatioii, 265. i 

Stilton cheese, 309. 

Stout — Composition of, 400. 

Succinic acid -Estimation o^ 446. 

,, — Pasteur’s method of 

determining, 394. 

Sugar, 103-112. 

,, — Adulteration of, 105. 

„ —Ash of, 107-110. 

„ candy, 126. 

,, cane in milk, 262. 

,, compounds with bases, 104, 
105. 

,, — Estimation of, 115-125. 

,, — ,, in wine, 459. 

,, — Full analysis of, 108. 

,, invert, 10.3, 115. 

,, milk, 115. 

„ — Solubility of, in alcohol, 104. 

, , — Starch or glucose, detection 

of, in cane sugar, 106. 
Sulphates in milk, 210. ’ 

Sulphates in water, 523. 
Sulpho-cyanates in milk, 211. 

Sulphur in mustard — Estimation of, 
496. 

Sulphuric acid iu vinegar— Estima- 
tion of, 477-480. 

Sweetmeats, 125. 

Swiss Company’s condensed milk, 
264. 

Tabakie’s method of alcohol estima- 
tion, 378. 

Table beer, 400. 

Tacca arrowroot, 143. 

Tallow— Melting-point of, 294. 

„ —Patterns of, 291. 

Tannin in brandy, 385. 

,, in tea, 332. 

Tapioca, 140, 143. 

Tartaric acid — Estimation of, in 
wine, 448, 457* 


Tea, 314-341. 

„ — Acts relative to, 21. 

,, — Adulteration of, 339. 

„ — Analysis of, 319. 

,, — Brick, 314. 

,, —Chemical composition of, 319. 

,, — Chemical method of examining 
leaves of, 322. 

„ — Examination of, by Excise, 61. 
,, leaf— Stnicture of, 315. 

,, — Varieties of, 314. 

Testi Ludovici on milk sugar, 195. 
Theine— Discovery of, by Ei^uweii- 
hoek, 316. 

,, — Estimation of, 329. 

,, — Physical properties of, 317. 

„ — Solubility of, 317. 

„ — Tests for, 318. 

Tbeobi'omine, 361. 

,, — Poisonotis cHect of, 363. 

Tin in peas, 189. 

Totfy, 126. 

Tomlinson’s cohesion figures, 292. 
Total solids of milk, 231, 

Tous lea mois, 139. 

'rrinidad cocoa, 364, 
Trinitrophenol— Sec Picric aciil. 
Tritisecaliue, 147. 

Tubercular disease — Relation of, to 
milk, 252. 

Turmeric, 88, 05, 141. 

„ in mustard, 489. 

Unfkrmented wine, 473. 

Urea in milk, 213. 

„ — Estimation of, 243. 

Vacuum processes, 72. 

, , for estimating the 

‘ water in milk, 

236. 

Valerianic aciil, 451. 

Valuation of water, 549. 

Vaniiia chocolate, 360. 

Vernois and Becquerel’s method of 
milk analysis, 230. 

Villenin’s experiments on tubercle in 
milk, 252. 

Vinegar, 475-480. 

„ — ^Adulteration o^ 476. 

„ —Analysis of, 476. 

„ eels, 35. 

„ malt, 475. 

„ wine, 475, 

Vitruvius, 4. 
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Voffel’a method of delineatini' spec- 
tra, 77. 

,, observations on pnrpurine 
and alum, 160. 

Voltelenus on milk, 198. 

VuUyanoz, 198. 

Wallace, Dr., on sugar ash, lOS. 
Wanklyn aud Cooper’s moist com- 
bustion process, 535. 

Wanklyii’s method of milk analysis, 
230. 

„ , , of water analysis, 

230. 

Warranty, 60. 

,, -^False, 61. 

Warrington’s method of standardis- 
ing indigo solution, 521 . 

Water, 513-553. 

,, — Biological methods of exa- 

mination, 540. 

,, — Carbon organic determina- 

tion of, 528, 530, 0.35, 
536, 539. 

,, — Carbon organic significa- 

tion of, 552. 

,, — Forchammer process of 

testing, 523. 

,, — Grand Junction, composi- 

tion of, 550. 

,, — Halogens in, 516. 

„ — Hardness of, 516. 

,, — Interpretation of results of 

analysis, 548. 

,, — Iodine in, 517. 

,, — Microscopical appearances 

of, 640. 

„ — Mineral analysis of, 639. 

, , — Nitrates of, estimation, 51 8. 

„ — Nitrites, 622. 

„ — Phosphates in, 518. 

» — Pare, 613. 

„ — SmeU 0 ^ 514w 

,, — Spectrum of, 616. 

„ — Sulphates 623. 

,, ' — ^Taste of, 614. 

„ — ^Total solid residue, 614. 

,, — Valuation ofi 649. 

Wave lebgths, 73. 

" Weld, 9ft. 


West-Knight’s process of saponifying 
butter, 301. 

Wheat— Ash of, 147. 

,, starch, 142, J44, 146. 

Wheaten flour, 148-1^. 

Whe^', 313. 

Whisky, 386-388. 

„ — Fousel oil in, 386. 

,, — Ijegal case relative to, 

388. 

,, — Methylic alcohol in, 382. 

\Vhole meal bread, 166. 

Wigner’s experiments on the nitro- 
gen of cocoa, 365. 

,, experiments on flour, 149. 

, , metnod of taking the s pecitio 
gravity of fat, 295. 

„ scale for valuation of water, 
549. 

Wine-— Adulteration of, 442. 

,, — Alcohol in, 443. 

,, — Analysis of, 473. 

,, — Ancient adulteration of, 4. 

„ -Ash of, 472. 

,, — Changes of, through age, 439. 
„ — Colouring-matters of^ 438. 

„ — “Table, 440. 

, , — Contamination of, by lead , 1 8. 
,, — Decree by Provost of Paris 
in 1871, relative to, 13. 

„ — Estimation of acids in, 447. 

,, — Old English Act relative to, 
20. 

, , — Old German regulation s rela- 
tive to, 16. 

,, — Poisonous, 443. 

,, —Succinic acid and glycerine 
in, 447. 

„ — Tartaric acid in, 448. 

,, — Watering of, 446. 

Wohkam’s metnod of extracting 
theobromine, 361. 

Woodward, Dr., method of photo- 
graphy, 81. 

Yam starch, 144. 

Yeast, 395, 397. 

Yellow colouring-matters, 94. 

Xanthophyll, 91. 
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